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1. Effective Date 07/02/2020 Professional Engineer’s Stamp 

N/A 
See LWP-10010 for requirements 

(per LWP-10010 Sec 4.1, par. cc) 
 

 

2. Does this ECAR involve a 
Safety SSC? Yes 

3. Safety SSC Determination 
Document ID NA 

4. SSC ID NA 

5. Project No. 31418 

6. Engineering Job (EJ) No. NA 

7. Building NA 

8. Site Area NA 

9. Objective/Purpose: 
The purpose of this report is to document the as-run physics analysis for the Boise State 
University (BSU-8242) experiment in the A6, A7 and A8 positions, correlating with the 3 DPA 
specimens irradiated in Cycles 164A, 164B, and 166A. In this paper the heat rate, flux, fluence, 
and DPA for all specimens are scaled to the appropriate as-run lobe powers for an accurate 
assessment and description of the irradiated materials. Source terms per capsule are provided, 
and a bounded source term per specimen type is given on a per gram basis. Verified and 
validated MCNP full-core models were used for the neutronics analysis. 

10. If revision, please state the reason and list sections and/or pages being affected: 
Revision 1. 
The planned positions for capsule ‘400C 3 DPA (X)’ and capsule ‘400C 3 DPA (Y)’, position A-7 
and position A-8, respectively, were swapped during irradiation across all 3 cycles: capsule 
‘400C 3 DPA (X)’ was irradiated in the A-8 position, while capsule ‘400C 3 DPA (Y)’ was 
irradiated in the A-7 position.  This irradiation assembly required updating the following tables: 
Table 10 and Table 11 heating rates; Table 13 and Table 14 neutron flux and fluence; Table 16 
and Table 17 displacements per atom; Table 18 decay heat; Table 20 and Table 21 source 
terms.  Additionally, the ‘Conclusions/Recommendations’ section of the report on page 1 was 
updated to reflect the changes.  Table 1 was also updated.  Lastly, Table 22, Table 23, and 
Table 24 were added to the report to detail the source terms in grams. 
 
See ATTACHMENT B for the original analysis request form, and ATTACHMENT C for the 
analysis request form in support of a Revision 1.  Also provided in ‘Attachment C’ is the 
information from Reactor Engineering detailing the irradiation issues that required an updated 
analysis and revision to the ECAR. 
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11. Conclusions/Recommendations: 

An MCNP full core physics model was used to calculate the as-run heat rates, flux values, 
fluences, and DPA for each test specimen within the BSU-8242 experiment. The heating rates 
ranged from 6.67 to 17.37 𝑊𝑊

𝑔𝑔
 in position A-6 (300C 3 DPA Capsule), depending on the material 

and axial location; the heating rates ranged from 5.14 to 16.38 𝑊𝑊
𝑔𝑔

 in the A-7 position (400C 3 
DPA (Y)), and the heating rates in the A-8 position (400C 3 DPA (X)) ranged from 5.25 to 9.81 
𝑊𝑊
𝑔𝑔

.  The average neutron flux experienced by the BSU-8242 specimens in position A-6 was 

~9.08× 1014 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

, while the average fluence was ~1.47 × 1022 𝑛𝑛
𝑐𝑐𝑐𝑐2; The average neutron flux in 

position A-7 was ~8.31× 1014 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

, while the average fluence was ~1.35 × 1022 𝑛𝑛
𝑐𝑐𝑐𝑐2; The 

average neutron flux in position A-8 was ~8.65× 1014 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

, while the average fluence was 
~1.40 × 1022 𝑛𝑛

𝑐𝑐𝑐𝑐2.  The average DPA experienced by the specimens in the A-6 position was 
calculated to be 4.65, with the average being 4.32 DPA in the A-7 position, and 3.97 DPA in the 
A-8 position.  

 
The heat rates are reported to support the thermal analysis in assessing the irradiation 
temperatures each test specimen experienced. The fluence and DPA values are reported to 
support PIE.  In support of PIE, see excel attachment concomitant with this ECAR, which 
provides the bounding source terms for each specimen material on a per gram basis. 
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2. SCOPE AND BRIEF DESCRIPTION 
This Engineering Calculations Analysis Report (ECAR) documents the as-run results of the Advanced 
Test Reactor (ATR) physics analysis performed to support the irradiation of the Boise State 
University-8242 (BSU-8242) experiment in the A6, A7, and A8 positions of the ATR for the 3 DPA 
specimens. The purpose of this analysis is to calculate the following as-run data: 
 
• Heat generation rate (HGR) of each test specimen 
• Flux and fluence for each test specimen 
• Displacements per atom (DPA) for each specimen. 
• Source terms per capsule are given, and a bounded source term per specimen type is given 

on a per gram basis. 
 
The as-run heating rates, neutron flux/fluence results, and DPA were calculated using the MCNP ATR 
full core model.  The heating rates and fluence values were based on ATR operating conditions for the 
cycles of operation.  Insertion of the BSU-8242 3 DPA irradiation test began on September 18, 2018 
with Cycle 164B, continued through Cycle 166A, and ended irradiation with the ending of Cycle 166B 
on January 10, 2020. 
 
The BSU-8242 experiment consists of seven capsules loaded with 256 material test specimens, 
collectively, that were irradiated in the A-6, A-7, and A-8 positions of the ATR.  Four capsules with a 
target of 1 DPA occupied the A-7 and A-8 test positions during ATR Cycle 164A.  These capsules 
were removed after one cycle of irradiation and three different capsules were loaded in the A-6, A-7, 
and A-8 test positions beginning in ATR Cycle 164B with a minimum target of 3 DPA. 
 
BSU-8242 implemented additional flux wires and other means to measure the actual flux/exposure of 
the test specimens; thus, the primary function of the Monte Carlo N-Particle (MCNP) tool is to provide 
best estimates of the specimens irradiated for post irradiation analysis.  Ultimately, the objective of 
BSU-8242 is to provide: 1.) a comparison of the irradiation response of five PM-HIP alloys to that of 
their conventionally-fabricated counterparts; 2.) an understanding of temperature functionality; and 3.) 
an understanding of the dose evolution of the irradiation effects. 
 
Manufacturing processes have considerable influence over the safety and integrity of nuclear reactor 
vessel internal components.  These processes are well-established; structural and pressure-retaining 
materials used in the nuclear power industry have been produced by casting, plate rolling-and-welding, 
forging, drawing, and extrusion, for the past 60 years.  However, issues of weldability and inspectability 
continue to challenge the manufacture of reactor internals.  Furthermore, all of these components will be 
subject to harsh service environments, which combine high radiation fluence, high temperature, 
mechanical stress, and often, corrosion potential.  These conditions will accelerate material degradation 
and failure.  Advanced fission reactor designs as well as life extensions to the existing fleet of light water 
reactors will exacerbate material degradation issues by increasing the duty on structural materials.  Thus, 
ensuring the integrity of structural materials in such extreme environments is of utmost importance to 
the continued safety and operation of nuclear power plants. 
 
The objective of this project is to assess the viability of using alloys manufactured by powder metallurgy 
and hot isostatic pressing (PM-HIP) as nuclear reactor internals, to enhance the weldability and 
inspectability of these components.  Recently, alloys produced by PM-HIP have been developed and 
introduced for pressure-retaining applications in the electric power industry.  These PM-HIP components 
exhibit good structural uniformity, no chemical segregation, superior mechanical properties, and 
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enhanced weldability.  PM-HIP components are produced near-net shape, which offers the distinct 
advantages of minimizing the need for machining and enhancing the ease of inspectability of the 
component.  These superior properties make PM-HIP alloys potential candidates for structural materials 
in nuclear reactor technologies, including light water reactors (LWRs), advanced light water reactors 
(ALWRs), small modular reactors (SMRs), and advanced (e.g. Generation IV) reactor designs.  
However, little is known about the irradiation response of PM-HIP alloys, particularly in comparison to 
that of conventionally-manufactured alloys.  Understanding these irradiation effects is the focus of this 
project. 
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3. DESIGN PARAMETERS AND EXPERIMENT DESCRIPTION 
The Boise State University-8242 experiment was a drop-in design irradiated for 4 cycles in the 
Advanced Test Reactor (ATR).  Idaho National Laboratory (INL), through the Department of Energy 
Idaho Operations office, irradiated specimens for the Nuclear Science User Facilities (NSUF). 
 
An MCNP snapshot depicting a cross-section of the ATR core is provided in Figure 1.  Seven BSU-
8242 capsules loaded with 256 materials test specimens, collectively, were irradiated in the A-6, A-7, 
and A-8 ATR irradiation positions.  Four capsules occupied the A-7 and A-8 test positions beginning 
in ATR Cycle 164A.  These capsules were removed after one cycle of irradiation and three different 
capsules were loaded in the A-6, A-7, and A-8 test positions beginning in ATR Cycle 164B.  The 
BSU-8242 capsules were not irradiated during ATR PALM cycles. 
 
The 256 materials test specimens consisted of 28 Compact Test (CT) specimens, 48 round tensile (RT) 
specimens, and 180 Transmission Electron Microscope (TEM) specimens.  Of the 180 TEM 
specimens, 36 were composed of Hf-Al alloys inserted in available space within the seven BSU-8242 
capsules, intended for the NSUF sample library at HFEF.  These 256 test specimens consisted of nine 
unique material types: six BSU-8242 materials and three Hf-Al alloys. 
 

 
Figure 1.  Cross-Section of ATR with the A-6, A-7, and A-8 positions shown.  
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The BSU-8242 TEM discs were 3mm in diameter and 150 ± 50𝜇𝜇𝜇𝜇 in thickness.  The Hf-Al TEM 
discs were 3mm ± 50𝜇𝜇𝜇𝜇 in diameter and 300 ± 50𝜇𝜇𝜇𝜇 thick.  The round tensile specimens had a 
gauge length of 31.75mm ± 50𝜇𝜇𝜇𝜇 and a total length of 76.2mm ± 50𝜇𝜇𝜇𝜇.  The CT specimens 
measured 10mm ± 50𝜇𝜇𝜇𝜇 x 9.6mm ± 50𝜇𝜇𝜇𝜇 with a thickness of 4mm ± 50𝜇𝜇𝜇𝜇.  
 
An overview of the experiment and capsule descriptions can be found in Table 1.  Table 2 provides the 
chemical composition of the 6 BSU-8242 specimen alloys, and Table 3 provides the chemical 
composition of the additional Hf-Al TEM specimens.  Figure 2 through Figure 5 provide 
schematic/dimensional representations of the BSU-8242 experiment setup.  A more involved 
designation of all specimens within each capsule is provided in Table 4.  Table 5 provides the lobe 
powers per cycle and EFPDs for Cycles 164B-1, 166A-1, and 166B-1. 
 

Table 1.  Overview of the BSU-8242 Experiment. 

Test Train ID# Capsule ID Specimen content Irradiation 
Cycles ATR position 

8242-A 

300C/1 DPA (X) 
RT specimens: 2 
CT specimens: 4 

TEM specimens: 21 
164A A7 

400C/1 DPA (X) 
RT specimens: 8 
CT specimens: 4 

TEM specimens: 48 
164A A7 

8242-B 

300C/1 DPA (Y) 
RT specimens: 2 
CT specimens: 4 

TEM specimens: 0 
164A A8 

400C/1 DPA (Y) 
RT specimens: 8 
CT specimens: 4 

TEM specimens: 9 
164A A8 

8242-C 300C/3 DPA 
RT specimens: 8 
CT specimens: 4 

TEM specimens: 33 
164B, 166A, 166B A6 

8242-D 400C/3 DPA (Y) 
RT specimens: 10 
CT specimens: 4 

TEM specimens: 60 
164B, 166A, 166B A7 

8242-E 400C/3 DPA (X) 
RT specimens: 10 
CT specimens: 4 

TEM specimens: 9 
164B, 166A, 166B A8 
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Table 2.  Chemical Composition of BSU-8242 Specimen Alloys (wt/o %) [11]. 

Chemical Composition of BSU-8242 Specimen Alloys 
Element 304L 316L 625 690 SA 508 Grade 91 

ρ 
�g

cm3� � 8.03 7.99 8.44 8.19 7.83 7.81 
C 0.03 0.03 0.10 0.05 0.27 0.10 

Mn 2.00 2.00 0.50 0.50 0.75 0.46 
P 0.045 0.045 0.015 - 0.025 0.02 
S 0.03 0.03 0.015 0.015 0.025 0.01 
Si 0.75 0.75 0.50 0.50 0.275 0.37 
Cr 19 17 21.42 30 0.35 8.72 
Ni 10 12 57.95 57.975 0.75 0.40 
Al 0.10 - 0.40 0.02 - 0.04 
Mo - 2.50 9.00 - 0.63 0.95 
N 0.10 0.10 - - - 0.053 
Nb - - 3.65 - - 0.08 
Ti - - 0.40 - - 0.01 
Ta - - 0.05 - - - 
Cu - - - 0.50 - - 
Co - - 1.00 - - - 
V - - - - 0.05 0.215 
Zr - - - - - - 
Fe 67.945 65.545 5.00 10.44 96.875 88.572 

 
Table 3. Weight Percent of Elemental Content per Hf-Al Specimen type [12]. 

Material Specification 

Element 20% Hf-Al 28.4% Hf-Al 36.5% Hf-Al 

ρ 
�g

cm3� � 3.43 3.74 3.95 

  wt% wt% wt% 
Al 74.76 67.04 60.7 
Zr 0.885 0.885 0.885 
Hf 24.36 32.08 38.42 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 11 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

 
Figure 2.  BSU-8242 Capsule Design & Specification (dimensions are given in inches) 
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Figure 3.  BSU-8242 Capsule Length and Identification (dimensions are given in inches). 
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Figure 4.  BSU-8242 Central Fixture Overview for all Capsules 

 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 14 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

 
Figure 5.  BSU-8242 Specimen Dimensions (dimensions are given in inches): A) Compact Test (CT) Specimen; B) Transmission Electron Microscope Disc 

(TEM) Specimen; C) USU Hf-Al TEM specimen; D) Round Tensile (RT) Specimen 
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Table 4. Specimen organization across the 7 capsules composing the BSU-8242 experiment. 

Specimen Organization 
400C/ 1DPA (X) 300C/ 1DPA (X) 400C/ 1DPA (Y) 300C/ 1DPA (Y) 300C/ 3DPA 400C/ 3DPA (X) 400C/ 3DPA (Y) 
Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule 

460. RT-625 127. RT-SA508 521. RT-625 206. RT-508 345. RT-690 674. RT-690 723. RT-304 
459. RT-625 126. CT-SA508 520. RT-625 205. CT-316L 344. RT-690 673. RT-690 722. RT-304 
458. RT-690 125. CT-SA508 519. RT-690 204. CT-316L 343. RT-625 672. RT-625 721. RT-91 
457. RT-690 124. TEM-USU 20 518. RT-690 203. CT-316L 342. RT-625 671. RT-625 720. RT-316 
456. CT-625 123. TEM-USU 20 517. CT-690 202. CT-316L 341. CT-625 670. RT-91 719. RT-316 
455. CT-625 122. TEM-USU 20 516. CT-690 201. RT-508 340. CT-625 669. CT-625 718. CT-690 
454. TEM-625 121. TEM-USU 28 515. TEM-USU 20 Bottom of Capsule 339. TEM-USU 20 668. CT-625 717. CT-316 
453. TEM-625 120. TEM-USU 28 514. TEM-USU 20 

  

338. TEM-USU 20 667. TEM-91 716. TEM-USU 36 
452. TEM-625 119. TEM-USU 28 513. TEM-USU 20 337. TEM-USU 20 666. TEM-91 715. TEM-USU 36 
451. TEM-625 118. TEM-USU 36 512. TEM-USU 28 336. TEM-USU 28 665. TEM-91 714. TEM-USU 36 
450. TEM-625 117. TEM-USU 36 511. TEM-USU 28 335. TEM-USU 28 664. TEM-91 713. TEM-USU 28 
449. TEM-625 116. TEM-USU 36 510. TEM-USU 28 334. TEM-USU 28 663. TEM-91 712. TEM-USU 28 
448. TEM-625 115. TEM-SA508 509. TEM-USU 36 333. TEM-USU 36 662. TEM-91 711. TEM-USU 28 
447. TEM-625 114. TEM-SA508 508. TEM-USU 36 332. TEM-USU 36 661. TEM-304L 710. TEM-USU 20 
446. TEM-625 113. TEM-SA508 507. TEM-USU 36 331. TEM-USU 36 660. TEM-304L 709. TEM-USU 20 
445. TEM-625 112. TEM-SA508 506. CT-91 330. TEM-690 659. TEM-304L 708. TEM-USU 20 
444. TEM-625 111. TEM-SA508 505. CT-91 329. TEM-690 658. TEM-304L 707. CT-316 
443. TEM-625 110. TEM-SA508 504. RT-91 328. TEM-690 657. TEM-304L 706. CT-316  
442. TEM-SA508 109. TEM-SA508 503. RT-91 327. TEM-690 656. TEM-304L 705. RT-316 
441. TEM-SA508 108. TEM-SA508 502. RT-508 326. TEM-690 655. TEM-304L 704. RT-316 
440. TEM-SA508 107. TEM-SA508 501. RT-508 325. TEM-690 654. TEM-304L 703. RT-91 

439. TEM-SA508 106. TEM-SA508 Bottom of Capsule 324. TEM-625 653. TEM-304L 702. RT-304 
438. TEM-SA508 105. TEM-SA508 

  
323. TEM-625 652. TEM-304L 701. RT-304 

437. TEM-SA508  104. TEM-SA508 322. TEM-625 651. TEM-304L Bottom of Capsule 
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Table 4. Specimen organization across the 7 capsules composing the BSU-8242 experiment. 
Specimen Organization 

400C/ 1DPA (X) 300C/ 1DPA (X) 400C/ 1DPA (Y) 300C/ 1DPA (Y) 300C/ 3DPA 400C/ 3DPA (X) 400C/ 3DPA (Y) 
Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule 

436. TEM-SA508 103. CT-SA508 321. TEM-625 650. TEM-304L 

  

435. TEM-SA508 102. CT-SA508 320. TEM-625 649. TEM-316L 
434. TEM-SA508 101. RT-SA508 319. TEM-625 648. TEM-316L 
433. TEM-SA508 Bottom of Capsule 318. TEM-690 647. TEM-316L 
432. TEM-SA508 

  

317. TEM-690 646. TEM-316L 
431. TEM-SA508 316. TEM-690 645. TEM-316L 
430. TEM-91 315. TEM-690 644. TEM-316L 
429. TEM-91 314. TEM-690 643. TEM-316L 
428. TEM-91 313. TEM-690 642. TEM-316L 
427. TEM-91 312. TEM-625 641. TEM-316L 
426. TEM-91 311. TEM-625 640. TEM-316L 
425. TEM-91 310. TEM-625 639. TEM-316L 
424. TEM-91 309. TEM-625 638. TEM-316L 
423. TEM-91 308. TEM-625 637. TEM-91 
422. TEM-91 307. TEM-625 636. TEM-91 
421. TEM-91 306. CT-625 635. TEM-91 
420. TEM-91  305. CT-625 634. TEM-91 
419. TEM-91 304. RT-625 633. TEM-91 
418. TEM-690 303. RT-625 632. TEM-91 
417. TEM-690 302. RT-690 631. TEM-690 
416. TEM-690 301. RT-690 630. TEM-690 

415. TEM-690 Bottom of Capsule 629. TEM-690 
414. TEM-690 

  

628. TEM-690 
413. TEM-690 627. TEM-690 
412. TEM-690 626. TEM-690 
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Table 4. Specimen organization across the 7 capsules composing the BSU-8242 experiment. 
Specimen Organization 

400C/ 1DPA (X) 300C/ 1DPA (X) 400C/ 1DPA (Y) 300C/ 1DPA (Y) 300C/ 3DPA 400C/ 3DPA (X) 400C/ 3DPA (Y) 
Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule 

411. TEM-690 625. TEM-690 
410. TEM-690 624. TEM-690 
409. TEM-690 623. TEM-690 
408. TEM-690 622. TEM-690 
407. TEM-690 621. TEM-690 
406. CT-690 620. TEM-690 
405. CT-690 619. TEM-625 
404. RT-91 618. TEM-625 
403. RT-91 617. TEM-625 
402. RT-SA508 616. TEM-625 
401. RT-SA508 615. TEM-625 
Bottom of Capsule 614. TEM-625 

  

613. TEM-625 
612. TEM-625 
611. TEM-625 
610. TEM-625 
609. TEM-625 
608. TEM-625 
607. CT-690 
606. CT-690 
605. RT-91 
604. RT-625 
603. RT-625 
602. RT-690 
601. RT-690 
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Table 4. Specimen organization across the 7 capsules composing the BSU-8242 experiment. 
Specimen Organization 

400C/ 1DPA (X) 300C/ 1DPA (X) 400C/ 1DPA (Y) 300C/ 1DPA (Y) 300C/ 3DPA 400C/ 3DPA (X) 400C/ 3DPA (Y) 
Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule Top of Capsule 

Bottom of Capsule 
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Table 5. BSU-8242 cycle irradiation overview [1]. 

Parameter 
Cycle1,2 

1 DPA 3 DPA 
164A-1 164B-1 166A-1 166B-1 

NW (MW) 20.0 19.5 19.9 19.9 
NE (MW) 16.0 16.4 16.9 16.9 
C (MW) 1 19.4 19.7 21.9 22.1 
SW (MW) 22.4 23.1 25.8 25.9 
SE (MW) 25.7 25.1 25.6 25.0 
Total Core (MW) 103.5 103.8 110.1 109.8 
EFPDs 54.9 64.1 62.5 61.2 
Post Outage (days) 32 189 34 -- 

1  BSU-8242 data was scaled to the center lobe powers. 

2   ATR lobe powers per cycle are given in reference [1].
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4. RESULTS OF LITERATURE SEARCHES AND OTHER BACKGROUND DATA 
MCNP5 release 1.60 [2][3], a general purpose Monte Carlo N-Particle (MCNP) transport code, was 
used to model and evaluate the neutron and photon heating of the BSU-8242 components, the neutron 
flux and fluence values, and the DPA of each test specimen. 
 
4.1 MCNP Model 
The MCNP models describing the BSU-8242 experiment in three of the ATR inner-A positions are 
based on the drawings listed in Table 6.  The BSU-8242 test was axially centered (by position) about the 
ATR core mid-plane within each MCNP model. 
 

Table 6.  Drawing Number for BSU-8242. 
Drawing 
Number Revision Drawing Title 

605765 3 ATR NSUF BOISE EXPERIMENT 8242 INBOARD A CAPSULE 
COMPONENT ASSEMBLIES AND DETAILS 

605766 0 ATR NSUF BOISE EXPERIMENT 8242 300C-1 DPA X INBOARD 
A CAPSULE CT AND TEM SPECIMEN ASSEMBLY 

605767 2 ATR NSUF BOISE EXPERIMENT 8242 300C-1 DPA Y INBOARD 
A CAPSULE CT AND TEM SPECIMEN ASSEMBLY 

605768 1 ATR NSUF BOISE EXPERIMENT 8242 300C-3 DPA INBOARD A 
CAPSULE CT AND TEM SPECIMEN ASSEMBLY 

605770 0 ATR NSUF BOISE EXPERIMENT 8242 400C-1 DPA Y INBOARD 
A CAPSULE CT AND TEM SPECIMEN ASSEMBLY 

605771 2 ATR NSUF BOISE EXPERIMENT 8242 400C-1 DPA X INBOARD 
A CAPSULE CT AND TEM SPECIMEN ASSEMBLY 

605772 1 ATR NSUF BOISE EXPERIMENT 8242 400C-3 DPA Y INBOARD 
A CAPSULE CT AND TEM SPECIMEN ASSEMBLY 

605773 3 ATR NSUF BOISE EXPERIMENT 8242 INBOARD A CAPSULE 
DRAWING TREE 

605774 3 ATR NSUF BOISE EXPERIMENT 8242 SPECIMEN ASSEMBLY 
AND DETAILS 

605775 0 ATR NSUF BOISE EXPERIMENT 8242 INBOARD A CAPSULE 
TENSILE SPECIMEN ASSEMBLIES 

605776 1 ATR NSUF BOISE EXPERIMENT 8242 300C-1 DPA X INBOARD 
A CAPSULE ASSEMBLY 

605777 1 ATR NSUF BOISE EXPERIMENT 8242 300C-3 DPA INBOARD 
A CAPSULE ASSEMBLY 

605778 1 ATR NSUF BOISE EXPERIMENT 8242 300C-1 DPA Y INBOARD 
A CAPSULE ASSEMBLY 

605824-1 2 ATR BSU-8242 EXPERIMENT INBOARD A CAPSULE 300C/1 
DPA (X) AND 400C/1 DPA (X) TEST TRAIN ASSEMBLY 

605825-1 2 ATR BSU-8242 EXPERIMENT INBOARD A CAPSULE 300C/1 
DPA (Y) AND 400C/1 DPA (Y) TEST TRAIN ASSEMBLY 

605826-1 3 ATR BSU-8242 EXPERIMENT INBOARD A CAPSULE 300C/3 
DPA TEST TRAIN ASSEMBLY 
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Table 6.  Drawing Number for BSU-8242. 
Drawing 
Number Revision Drawing Title 

605827-1 3 ATR BSU-8242 EXPERIMENT INBOARD A CAPSULE 400C/3 
DPA (X) TEST TRAIN ASSEMBLY 

605828-1 2 ATR BSU-8242 EXPERIMENT INBOARD A CAPSULE 400C/3 
DPA (Y) TEST TRAIN ASSEMBLY 

605829 1 ATR NSUF BOISE EXPERIMENT 8242 INBOARD A CAPSULE 
TEST TRAIN INSTALLATION 

120421 11 ATR OUTBOARD AND INBOARD “A” POSITION SPECIMEN 
FILLER PLUGS 

602380 1 UTAH STATE UNIVERSITY SPECIMEN DETAILS 
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5. ANALYTICAL METHODOLOGY 
MCNP is used to calculate the neutron flux values, heat generation rates and DPA in the BSU-8242 
experiment.  MCNP reports the flux tallies in units of 1/cm2 per source neutron.  The following 
normalization factors are used to calculate the neutron flux and the heat generation rates, as well as the 
DPA, from the MCNP tallies.  
 

Neutron Flux Normalization Factor 
 
MCNP reports tally results normalized per source particle.  The MCNP type 4 flux tally results are used 
to generate neutron flux input values for BSU-8242.  The MCNP tally type 4 (for neutrons) has units of 
neutrons/cm2 per source neutron.  The neutron flux conversion factor (NFCF) is defined by equation (1).  
 
𝑁𝑁𝐹𝐹𝐶𝐶𝐶𝐶 = �2.43 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
� � 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

200 𝑀𝑀𝑀𝑀𝑀𝑀
� �6.24151×1018 𝑀𝑀𝑀𝑀𝑀𝑀

𝑀𝑀𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃∙𝑠𝑠
�   

 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 7.583 × 1016 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

𝑀𝑀𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃∙𝑠𝑠
 (1) 

 
The neutron flux values are calculated using the MCNP tally type 4 results, the NFCF, and the ATR core 
power.  The neutron flux is calculated using Equation (2). 
 

𝜙𝜙𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = �𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 4 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

𝑐𝑐𝑐𝑐2 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛�
�7.583

× 1016
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑠𝑠

� (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑀𝑀) 

 
𝜙𝜙𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = (𝑓𝑓4)(7.583 × 1016)(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃) 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

𝑐𝑐𝑐𝑐2−𝑠𝑠
 (2) 

 
Neutron/Prompt Gamma Heating Normalization Factor (NHNF) 

 
MCNP reports tally results normalized per source particle.  The MCNP type 6 energy deposition tally 
results or type 7 fission energy deposition tally results are used to calculate heat generation rates.  The 
MCNP tally type 6 has units of MeV/g per source particle (fission neutron for prompt neutron, gamma 
heating, and fission heating).  The heating normalization factor (HNF) is defined by equation (3). 
  
𝐻𝐻𝐻𝐻𝐻𝐻 = �2.43 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
� � 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

200 𝑀𝑀𝑀𝑀𝑀𝑀
� �1×106 𝑊𝑊

1 𝑀𝑀𝑀𝑀
�  

 
𝐻𝐻𝐻𝐻𝐹𝐹 = 1.215 × 104 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛∙𝑊𝑊

𝑀𝑀𝑀𝑀∙𝑀𝑀𝑀𝑀𝑀𝑀
 (3) 

 
The heat generation rate values are calculated using the MCNP tally type 6 results, the HNF, and the 
ATR core power.  Prompt neutron and gamma heating rates (PHR) are calculated using equation (4). 
  
𝑃𝑃𝑃𝑃𝑃𝑃 = �𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 6 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑀𝑀𝑀𝑀𝑀𝑀

𝑔𝑔∙𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
� �1.215 × 104 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛∙𝑊𝑊

𝑀𝑀𝑀𝑀∙𝑀𝑀𝑀𝑀𝑀𝑀
� (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑀𝑀)  
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𝑃𝑃𝑃𝑃𝑃𝑃 = (𝑓𝑓6)(𝐻𝐻𝐻𝐻𝐻𝐻)(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)𝑊𝑊
𝑔𝑔

 (4) 
 
 

Delayed Fission Product Gamma Heating Normalization Factor 
 
MCNP reports tally results normalized per source particle.  The heating tallies have units of MeV/g per 
fission neutron.  The MCNP type 6 energy deposition tally results are used to calculate delayed gamma 
heat generation rates.  The MCNP tally type 6 has units of MeV/g per source particle (per delayed 
fission product gamma for delayed fission product gamma heating).  The delayed photon heating 
normalization factor (DPHNF) is defined by equation (5) using 8.9603 delayed fission photons per 
fission [4][5]. 
 
DPHNF = �8.9603 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
� � 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

200 𝑀𝑀𝑀𝑀𝑀𝑀
� �1×106 𝑊𝑊

𝑀𝑀𝑀𝑀
�   

 
DPHNF = 4.480 × 104 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜∙𝑊𝑊

𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝∙𝑀𝑀𝑀𝑀𝑀𝑀
 (5) 

 
The heat generation rate values are calculated using the MCNP tally type 6 or type 7 results, the HNF, 
and the ATR core power.  Delayed fission product heating rate (DHR) is calculated using equation (6). 
 
𝐷𝐷𝐷𝐷𝐷𝐷 = �𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 6 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑀𝑀𝑀𝑀𝑀𝑀

𝑔𝑔∙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
� �4.480 × 104 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜∙𝑊𝑊

𝑀𝑀𝑀𝑀∙𝑀𝑀𝑀𝑀𝑀𝑀
� (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑀𝑀)  

 
𝐷𝐷𝐷𝐷𝐷𝐷 = (𝑓𝑓6)(DPHNF)(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)𝑊𝑊

𝑔𝑔
 (6) 

 
 

Displacements per Atom 
 

To evaluate radiation damage, a fundamental parameter that characterizes lattice displacement events is 
required.  DPA has been used to compare radiation damage by different radiation sources.  It is a 
damage‐based exposure unit and represents the number of atoms displaced from their normal lattice sites 
as a result of energetic particle bombardment.  Displacements per atom (DPA) is used to quantify 
radiation damage (the number of times that an atom is displaced for a given fluence).  DPA is a standard 
measure for computing neutron- and gamma-induced radiation damage of materials that are found in 
radiation prone environments.  It essentially provides the correlation between mechanical structural 
damage properties associated with the level of radiation that the material has encountered over the time 
span inside the neutron radiation environment [6]. 
 
The DPA rate in a material is estimated by using a tally multiplier card with a standard flux tally in 
MCNP5: the neutron flux is calculated as a function of energy on a material and it is combined with the 
DPA cross-section.  The tally multiplier card applied to a flux tally calculates the reaction rate that is 
defined as the quantity: 
 
𝐶𝐶 ∫ 𝜙𝜙(E)Rm(E)dE 
 (7) 
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Where, 
 
𝐶𝐶 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 
 
𝜙𝜙(𝐸𝐸) = 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 
 
𝑅𝑅𝑚𝑚(𝐸𝐸) = 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (ENDF/B-VII damage cross-section) 
 
The quantity: 
 
∫ 𝜙𝜙(E)Rm(E)dE (8) 
 
is the total damage energy rate for the material.  Assigning the quantity η/2Ed to the constant C in 
Equation 6 results in: 
 
𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝜂𝜂

2𝐸𝐸𝑑𝑑
∫𝜙𝜙(E)Rm(E)dE (9) 

 
𝜙𝜙(E) Rm(E) = total damage energy (10) 
 
The DPA cross-section would be calculated by: 
 
𝜎𝜎𝐷𝐷𝐷𝐷𝐷𝐷 = ∫𝜙𝜙(𝐸𝐸)𝑅𝑅(𝐸𝐸)𝑑𝑑𝑑𝑑

∫𝜙𝜙(𝐸𝐸)𝑑𝑑𝑑𝑑
 (11) 

 
The resulting cross section has units of MeV-barns per atom. 
 
This is done by employing the cross-section processing code system NJOY [7] to produce microscopic 
DPA cross-section data.  This is due to the fact that NJOY data is based on detailed physical nuclear 
interactions.  It is from this nuclear data that it is possible to generate DPA cross sections, which are 
accurate for 0 to 20 MeV, making it applicable for LWRs.  The NJOY nuclear data processing code is 
regarded as the golden standard to process evaluated nuclear data files [8].  The damage cross section is 
produced in the HEATR function within NJOY99, which is used to add heat-production (kerma) and 
DPA cross sections [9].  To load the DPA cross section into the simulation the MT=444 reaction must 
be called with the input file [6]. 
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DPA is calculated by folding MCNP5-provided displacement cross sections with the energy dependent 
neutron particle spectrum.  Where the MT=444 card is employed (reaction number for the damage cross 
sections), the cross sections are folded into the flux tally data, producing tally data that are in units of 

𝑀𝑀𝑀𝑀𝑀𝑀−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑐𝑐𝑐𝑐2−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

.  The following method is then used to calculate the DPA: 
 
𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 �𝑑𝑑𝑑𝑑𝑑𝑑

𝑠𝑠
� = �𝐹𝐹𝐹𝐹𝐹𝐹(𝐸𝐸) ∙ 𝜎𝜎(𝐸𝐸)𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ∙  𝜂𝜂 ∙  1

2𝐸𝐸𝑑𝑑
  ∙

 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ∙  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ∙  𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (12) 
 
where the tally is in units of 𝑀𝑀𝑀𝑀𝑀𝑀−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑐𝑐𝑐𝑐2−𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
; 𝜂𝜂 is the efficiency, usually taken to be 0.8; Ed is the 

weighted average cutoff energy of the specimen material, calculated by an atomic weighted average of 
the material (the typical stainless steel value employed is 40 × 10−6 MeV, which is the value used for 
this analysis for both the rodlet and capsule); the NFCF is defined above �7.583 ×

1016 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑀𝑀𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃∙𝑠𝑠

�; the unit conversion factor is 1 × 10−24  𝑐𝑐𝑐𝑐
2

𝑏𝑏
.  The DPA rate is then multiplied by 

the irradiation time to give the displacements per atom. 
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6. ASSUMPTIONS 
The following assumptions are used in this analysis: 
 
1. The core operates with the lobe powers specified in Table 5 for cycles 164B-1, 166A-1, and 166B-1.  

The lobe powers were taken from Reference [1] (also see ATTACHMENT A for a listing of the 
average ATR lobe power values per cycle).  Heat rates, fluxes, and DPA results are scaled to the 
center lobe power.  Changes in the center lobe power should be accounted for in the HGR and DPA 
results by multiplying by the ratio of the new center lobe power over the analyzed center lobe power. 

2. Heating rate values reported for all capsules include energy deposition from prompt neutrons, 
prompt gammas, and delayed fission product gammas. 

3. The ATR fuel model consists of three radial and seven axial zones to represent the ATR fuel 
elements. 

4. An atomic displacement energy of 40 eV (for calculating DPA) was applied to every material 
analyzed in this ECAR, aside from the USU samples.  This value is appropriate for stainless steels 
and is applicable to the BSU-8242 specimens.  The DPA for the USU specimens (of differing 
hafnium amounts) were calculated using the following cutoff energies: 32.7 eV, 34.5 eV, and 36.0 
eV for the 20%, 28.4%, and 36.5% Hf-Al samples, respectively.  The cutoff energy for each of the 
USU specimens was calculated by an elemental weighted average approach. 

5. This analysis used the same density for each of the three types of material fabrication methods (PM-
HIP, cast, and forged). 

6. The Hf-Al samples are composed of hafnium-aluminum alloy “microspheres” (3 aluminum to 1 
hafnium by atom percent) dispersed within an aluminum matrix at three differing volume 
percentages (20%, 28.4%, and 36.5%). 
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7. COMPUTER CODE VALIDATION 
Release 1.60 of MCNP (References [2] [3]), a general purpose Monte Carlo N-Particle transport code, 
was used to perform the calculations documented in this ECAR.  The ENDF/B-VI and ENDF/B-VII 
cross-section data libraries [8] [9] were used. 
 
MCNP is archived in the INL Enterprise Architecture (EA) Repository as qualified scientific and 
engineering analysis software.  Table 7 lists the version and CTM UUID’s for the release of MCNP and 
ORIGEN used in this ECAR.  
 

Table 7.  INL Qualified Analysis Software, Version, and EA ID. 
Code Name Version CTM UUID 

MCNP 5 (Release 1.60) 66DB1859-B150-4898-
AF8C-374D01595284 

ORIGEN 2.2 83837D31-E66F-489D-
950D-A09AECFBA8CD 

 
MCNP Release 1.60 and ORIGEN Version 2.2 have been V&V’d for use by the INL Neutronics 
Analysis Group as documented in Reference [14]. 
 
The computer configuration summarized in Table 8 below was used to perform the MCNP calculations 
documented in this ECAR. 
 

Table 8.  Computer Configurations for INL Qualified MCNP and ORIGEN2 Installation 
Computer Processor/Hardware Operating System 

Falcon is a 34992-core 
SGI ICE X distributed 
memory cluster with 
121 TB of total 
memory. 
 

Two Intel Xeon E5-2695 v4 CPUs: 
• Broadwell Chipset 
• 18 Cores per CPU 
• 2.10 GHz 
• 128 GB of RAM 

FDR InfiniBand Interconnect 

SUSE Linux 
Enterprise Server 12 
Service Pack 4 
Operating System 
3.0.101-108.35-
default 
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8. DISCUSSION/ANALYSIS 
The MCNP full core physics model was used to calculate the as-run heat rates, flux and fluence values, 
and DPA for each of the test specimens within each of the three capsules corresponding to the 3 DPA 
specimens of the BSU-8242 experiment.  The as-run flux values were used to determine the fluence for 
the experiment based on the irradiation time across all three cycles. 
 
The heating rate values are given below (8.2 Heating Rates); the flux and fluence data follow (8.3 Flux 
and Fluence Values); finally, the DPA values are tabled (8.4 Displacements Per Atom). 
 
The heating rates ranged from 6.67 to 17.37 𝑊𝑊

𝑔𝑔
 in position A-6 (300C 3 DPA Capsule), depending on the 

material and axial location; the heating rates ranged from 5.14 to 16.38 𝑊𝑊
𝑔𝑔

 in the A-7 position (400C 3 

DPA (Y)), and the heating rates in the A-8 position (400C 3 DPA (X)) ranged from 5.25 to 9.81 𝑊𝑊
𝑔𝑔

.  The 

average neutron flux experienced by the BSU-8242 specimens in position A-6 was ~9.08× 1014 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

, 
while the average fluence was ~1.47 × 1022 𝑛𝑛

𝑐𝑐𝑐𝑐2; The average neutron flux in position A-7 was 
~8.31× 1014 𝑛𝑛

𝑐𝑐𝑐𝑐2∙𝑠𝑠
, while the average fluence was ~1.35 × 1022 𝑛𝑛

𝑐𝑐𝑐𝑐2; The average neutron flux in 
position A-8 was ~8.65× 1014 𝑛𝑛

𝑐𝑐𝑐𝑐2∙𝑠𝑠
, while the average fluence was ~1.40 × 1022 𝑛𝑛

𝑐𝑐𝑐𝑐2.  The average 
DPA experienced by the specimens in the A-6 position was calculated to be 4.65, with the average being 
4.32 DPA in the A-7 position, and 3.97 DPA in the A-8 position.  
 
The heat rates are reported to support the thermal analysis in assessing the irradiation temperatures each 
test specimen experienced. The fluence and DPA values are reported to support PIE.  In support of PIE, 
see excel attachment concomitant with this ECAR, which provides the bounding source terms for each 
specimen material on a per gram basis. 
 
8.1 Power Conditions 
The analysis for each cycle employed a model describing an average fuel core loading and average 
control settings.  The as-run flux values were used to determine the fluences for the experiment based on 
the irradiation time.  The values were obtained by scaling the MCNP data to the average Center lobe 
power obtained from each cycle [1]. 
 
The lobe powers along with the EFPD values and the full-core powers are provided in Table 5. 
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8.2 Heating Rates  
The following three tables (Tables 9-11) provide the heating rates for each test specimen within each of 
the 3 DPA capsules.  The heat generation rates (HGRs) for the 3 DPA BSU-8242 specimens have been 
calculated using nominal ATR core power conditions.  The HGRs for each test specimen in the BSU-
8242 capsules have been calculated at nominal ATR core power conditions using MCNP.  These HGR 
results are scaled to the cycle specific center lobe powers listed in Table 5, which correspond to the as-
run operating powers.  The HGR results include neutron and gamma heating, as well as delayed gamma 
heating.  Delayed gamma heating was explicitly calculated using a photon only (mode p) MCNP model.  
 
Table 9. Position A-6 specimen heating rates of the upper BSU-8242-300°C/3 DPA capsule analyzed at 
a Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-6 Position [300C 3 DPA] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

RT-690 PM-HIP 345 31.75 6.67 7.42 7.49 
RT-690 PM-HIP 344 24.13 7.54 8.38 8.46 
RT-625 PM-HIP 343 16.51 8.48 9.42 9.51 
RT-625 PM-HIP 342 8.89 8.94 9.94 10.03 
CT-625 PM-HIP 341 3.22 9.39 10.44 10.54 
CT-625 PM-HIP 340 3.22 9.36 10.40 10.50 
TEM-USU-300-3-36 339 1.39 14.60 16.23 16.38 
TEM-USU-300-3-36 338 1.37 14.49 16.11 16.26 
TEM-USU-300-3-36 337 1.36 14.29 15.89 16.04 
TEM-USU-300-3-28 336 1.34 13.13 14.60 14.73 
TEM-USU-300-3-28 335 1.33 13.24 14.72 14.86 
TEM-USU-300-3-28 334 1.31 13.49 14.99 15.13 
TEM-USU-300-3-20 333 1.30 12.03 13.37 13.50 
TEM-USU-300-3-20 332 1.28 12.14 13.50 13.63 
TEM-USU-300-3-20 331 1.27 11.84 13.16 13.28 
TEM-690 Forged 330 -1.38 8.75 9.73 9.82 
TEM-690 Forged 329 -1.39 8.73 9.71 9.80 
TEM-690 Forged 328 -1.41 8.87 9.86 9.95 
TEM-690 Forged 327 -1.42 8.65 9.62 9.71 
TEM-690 Forged 326 -1.44 8.56 9.51 9.60 
TEM-690 Forged 325 -1.45 8.65 9.61 9.70 
TEM-625 Forged 324 -1.47 9.22 10.25 10.35 
TEM-625 Forged 323 -1.48 9.20 10.23 10.33 
TEM-625 Forged 322 -1.50 9.38 10.42 10.52 
TEM-625 Forged 321 -1.51 9.27 10.31 10.40 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 30 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

A-6 Position [300C 3 DPA] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

TEM-625 Forged 320 -1.53 9.20 10.23 10.33 
TEM-625 Forged 319 -1.54 9.29 10.33 10.43 
TEM-690 PM-HIP 318 -1.56 8.83 9.81 9.91 
TEM-690 PM-HIP 317 -1.57 8.87 9.86 9.96 
TEM-690 PM-HIP 316 -1.59 8.86 9.85 9.94 
TEM-690 PM-HIP 315 -1.60 8.70 9.67 9.76 
TEM-690 PM-HIP 314 -1.62 8.66 9.63 9.72 
TEM-690 PM-HIP 313 -1.63 8.68 9.65 9.75 
TEM-625 PM-HIP 312 -1.65 9.44 10.50 10.60 
TEM-625 PM-HIP 311 -1.66 9.38 10.43 10.53 
TEM-625 PM-HIP 310 -1.68 9.30 10.34 10.44 
TEM-625 PM-HIP 309 -1.69 9.24 10.27 10.37 
TEM-625 PM-HIP 308 -1.71 9.30 10.34 10.44 
TEM-625 PM-HIP 307 -1.72 9.33 10.37 10.47 
CT-625 Cast 306 -3.22 9.40 10.45 10.55 
CT-625 Cast 305 -3.22 9.38 10.43 10.52 
RT-625 Forged 304 -8.89 9.04 10.05 10.15 
RT-625 Forged 303 -16.51 8.72 9.69 9.79 
RT-690 Forged 302 -24.13 7.90 8.78 8.86 
RT-690 Forged 301 -31.75 7.17 7.97 8.05 

 
Table 10. Position A-7 specimen heating rates of the lower BSU-8242-300°C/3 DPA (Y) capsule 
analyzed at a Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-7 Position [400C 3DPA (Y)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

RT-304L Forged 723 39.37 5.14 5.72 5.77 
RT-304L Forged 722 31.75 6.10 6.78 6.84 
RT-91 PM-HIP 721 24.13 6.89 7.65 7.73 
RT-316L PM-HIP 720 16.51 7.55 8.39 8.47 
RT-316L PM-HIP 719 8.89 7.94 8.82 8.91 
CT-690 Forged 718 3.22 8.44 9.38 9.47 
CT-316 Cast 717 3.22 8.25 9.17 9.26 
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A-7 Position [400C 3DPA (Y)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

TEM-USU-400-3-36 716 1.57 14.60 16.23 16.38 
TEM-USU-400-3-36 715 1.54 14.49 16.11 16.26 
TEM-USU-400-3-36 714 1.51 14.29 15.89 16.04 
TEM-USU-400-3-28 713 1.48 13.13 14.60 14.73 
TEM-USU-400-3-28 712 1.45 13.24 14.72 14.86 
TEM-USU-400-3-28 711 1.42 13.49 14.99 15.13 
TEM-USU-400-3-20 710 1.39 12.03 13.37 13.50 
TEM-USU-400-3-20 709 1.36 12.14 13.50 13.63 
TEM-USU-400-3-20 708 1.33 11.84 13.16 13.28 
CT-316 PM-HIP 707 -3.22 8.31 9.24 9.33 
CT-316 PM-HIP 706 -3.22 8.32 9.25 9.34 
RT-316L Forged 705 -8.89 8.01 8.90 8.99 
RT-316L Forged 704 -16.51 7.73 8.60 8.68 
RT-91 Cast 703 -24.13 7.20 8.00 8.08 
RT-304L Forged 702 -31.75 6.55 7.28 7.35 
RT-304L Forged 701 -39.37 5.71 6.34 6.40 

 
Table 11. Position A-8 specimen heating rates of the upper BSU-8242-400°C/3 DPA (X) capsule 
analyzed at a Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-8 Position [Lower 400C 3DPA (X)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

RT-690 PM-HIP 674 39.37 5.25 5.83 5.89 
RT-690 PM-HIP 673 31.75 6.23 6.92 6.99 
RT-625 PM-HIP 672 24.13 7.33 8.15 8.23 
RT-625 PM-HIP 671 16.51 7.92 8.80 8.89 
RT-91 PM-HIP 670 8.89 7.63 8.48 8.56 
CT-625 PM-HIP 669 3.22 8.66 9.63 9.72 
CT-625 Cast 668 3.22 8.70 9.67 9.77 
TEM-91 Cast 667 1.70 7.77 8.64 8.72 
TEM-91 Cast 666 1.69 7.86 8.73 8.82 
TEM-91 Cast 665 1.67 7.84 8.71 8.80 
TEM-91 Cast 664 1.66 7.94 8.82 8.91 
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A-8 Position [Lower 400C 3DPA (X)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

TEM-91 Cast 663 1.64 8.13 9.04 9.13 
TEM-91 Cast 662 1.63 8.02 8.92 9.00 
TEM-304L Forged 661 1.61 7.91 8.80 8.88 
TEM-304L Forged 660 1.60 7.92 8.80 8.88 
TEM-304L Forged 659 1.58 8.10 9.00 9.09 
TEM-304L Forged 658 1.57 8.02 8.92 9.00 
TEM-304L Forged 657 1.55 7.83 8.71 8.79 
TEM-304L Forged 656 1.54 7.85 8.73 8.81 
TEM-304L Forged 655 1.52 7.72 8.58 8.66 
TEM-304L Forged 654 1.51 7.79 8.66 8.74 
TEM-304L Forged 653 1.49 7.69 8.55 8.63 
TEM-304L Forged 652 1.48 7.73 8.59 8.68 
TEM-304L Forged 651 1.46 7.70 8.56 8.64 
TEM-304L Forged 650 1.45 7.84 8.72 8.80 
TEM-316L PM-HIP 649 1.43 8.01 8.90 8.99 
TEM-316L PM-HIP 648 1.42 7.92 8.80 8.89 
TEM-316L PM-HIP 647 1.40 7.86 8.74 8.82 
TEM-316L PM-HIP 646 1.39 7.85 8.73 8.81 
TEM-316L PM-HIP 645 1.37 7.88 8.76 8.85 
TEM-316L PM-HIP 644 1.36 7.89 8.77 8.85 
TEM-316L Forged 643 1.34 8.06 8.96 9.04 
TEM-316L Forged 642 1.33 8.16 9.07 9.15 
TEM-316L Forged 641 1.31 8.16 9.07 9.16 
TEM-316L Forged 640 1.30 8.23 9.15 9.24 
TEM-316L Forged 639 1.28 8.07 8.97 9.05 
TEM-316L Forged 638 1.27 8.04 8.94 9.02 
TEM-91 PM-HIP 637 -1.29 7.86 8.74 8.82 
TEM-91 PM-HIP 636 -1.30 7.88 8.76 8.84 
TEM-91 PM-HIP 635 -1.32 7.94 8.82 8.91 
TEM-91 PM-HIP 634 -1.33 7.86 8.73 8.82 
TEM-91 PM-HIP 633 -1.35 7.91 8.79 8.88 
TEM-91 PM-HIP 632 -1.36 7.89 8.78 8.86 
TEM-690 Forged 631 -1.38 8.06 8.96 9.04 
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A-8 Position [Lower 400C 3DPA (X)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 1 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 2 

Heating 
�𝑊𝑊
𝑔𝑔
�       

Cycle 3 

TEM-690 Forged 630 -1.39 8.16 9.07 9.16 
TEM-690 Forged 629 -1.41 8.13 9.04 9.13 
TEM-690 Forged 628 -1.42 8.05 8.94 9.03 
TEM-690 Forged 627 -1.44 8.19 9.11 9.19 
TEM-690 Forged 626 -1.45 8.16 9.07 9.15 
TEM-690 PM-HIP 625 -1.47 8.20 9.12 9.21 
TEM-690 PM-HIP 624 -1.48 8.09 8.99 9.08 
TEM-690 PM-HIP 623 -1.50 8.06 8.96 9.05 
TEM-690 PM-HIP 622 -1.51 8.16 9.07 9.16 
TEM-690 PM-HIP 621 -1.53 8.14 9.05 9.13 
TEM-690 PM-HIP 620 -1.54 8.13 9.04 9.12 
TEM-625 Forged 619 -1.56 8.62 9.58 9.67 
TEM-625 Forged 618 -1.57 8.67 9.64 9.73 
TEM-625 Forged 617 -1.59 8.61 9.57 9.66 
TEM-625 Forged 616 -1.60 8.73 9.71 9.80 
TEM-625 Forged 615 -1.62 8.69 9.66 9.76 
TEM-625 Forged 614 -1.63 8.74 9.72 9.81 
TEM-625 PM-HIP 613 -1.65 8.63 9.59 9.68 
TEM-625 PM-HIP 612 -1.66 8.55 9.51 9.60 
TEM-625 PM-HIP 611 -1.68 8.63 9.60 9.69 
TEM-625 PM-HIP 610 -1.69 8.53 9.49 9.58 
TEM-625 PM-HIP 609 -1.71 8.63 9.59 9.68 
TEM-625 PM-HIP 608 -1.72 8.52 9.47 9.56 
CT-690 PM-HIP 607 -3.22 8.30 9.22 9.31 
CT-690 PM-HIP 606 -3.22 8.32 9.25 9.33 
RT-91 Cast 605 -8.89 7.70 8.56 8.64 
RT-625 Forged 604 -16.51 8.11 9.02 9.11 
RT-625 Forged 603 -24.13 7.66 8.52 8.60 
RT-690 Forged 602 -31.75 6.69 7.44 7.51 
RT-690 Forged 601 -39.37 5.82 6.47 6.53 
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8.3 Flux and Fluence Values 
Table 5 displays the cycles and irradiation times for the 3 DPA capsules.  Tables 12-14 give the flux 
(total neutron flux) and fluence data for each specimen throughout the 4 rodlets that were irradiated in 
Cycles 164B, 166A, and 166B.  The fluence data was gathered by integrating the flux values over their 
respective cycle times, adding the fluence values from each cycle to provide the total neutron fluence 
data. 
 
Table 12. Position A-6 specimen neutron flux and fluence values of the BSU-8242-300°C/3 DPA 
capsule analyzed at a Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-6 Position [300C 3DPA] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 
RT-690 PM-HIP 345 31.75 6.57E+14 7.31E+14 7.37E+14 1.15E+22 
RT-690 PM-HIP 344 24.13 7.44E+14 8.27E+14 8.35E+14 1.30E+22 
RT-625 PM-HIP 343 16.51 7.95E+14 8.84E+14 8.92E+14 1.39E+22 
RT-625 PM-HIP 342 8.89 8.33E+14 9.26E+14 9.35E+14 1.46E+22 
CT-625 PM-HIP 341 3.22 8.54E+14 9.49E+14 9.58E+14 1.49E+22 
CT-625 PM-HIP 340 3.22 8.55E+14 9.51E+14 9.60E+14 1.49E+22 
TEM-USU-300-3-20 339 1.39 8.56E+14 9.52E+14 9.61E+14 1.50E+22 
TEM-USU-300-3-20 338 1.37 8.65E+14 9.62E+14 9.71E+14 1.51E+22 
TEM-USU-300-3-20 337 1.36 8.70E+14 9.67E+14 9.76E+14 1.52E+22 
TEM-USU-300-3-28 336 1.34 8.68E+14 9.65E+14 9.74E+14 1.52E+22 
TEM-USU-300-3-28 335 1.33 8.57E+14 9.53E+14 9.62E+14 1.50E+22 
TEM-USU-300-3-28 334 1.31 8.58E+14 9.54E+14 9.63E+14 1.50E+22 
TEM-USU-300-3-36 333 1.30 8.51E+14 9.46E+14 9.55E+14 1.49E+22 
TEM-USU-300-3-36 332 1.28 8.41E+14 9.35E+14 9.44E+14 1.47E+22 
TEM-USU-300-3-36 331 1.27 8.41E+14 9.35E+14 9.44E+14 1.47E+22 
TEM-690 Forged 330 -1.38 8.50E+14 9.45E+14 9.54E+14 1.48E+22 
TEM-690 Forged 329 -1.39 8.65E+14 9.62E+14 9.71E+14 1.51E+22 
TEM-690 Forged 328 -1.41 8.75E+14 9.73E+14 9.82E+14 1.53E+22 
TEM-690 Forged 327 -1.42 8.55E+14 9.51E+14 9.60E+14 1.49E+22 
TEM-690 Forged 326 -1.44 8.61E+14 9.58E+14 9.67E+14 1.51E+22 
TEM-690 Forged 325 -1.45 8.65E+14 9.61E+14 9.70E+14 1.51E+22 
TEM-625 Forged 324 -1.47 8.63E+14 9.59E+14 9.68E+14 1.51E+22 
TEM-625 Forged 323 -1.48 8.41E+14 9.35E+14 9.44E+14 1.47E+22 
TEM-625 Forged 322 -1.50 8.57E+14 9.53E+14 9.62E+14 1.50E+22 
TEM-625 Forged 321 -1.51 8.51E+14 9.46E+14 9.55E+14 1.49E+22 
TEM-625 Forged 320 -1.53 8.48E+14 9.43E+14 9.52E+14 1.48E+22 
TEM-625 Forged 319 -1.54 8.56E+14 9.52E+14 9.61E+14 1.50E+22 
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A-6 Position [300C 3DPA] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 
TEM-690 PM-HIP 318 -1.56 8.41E+14 9.35E+14 9.43E+14 1.47E+22 
TEM-690 PM-HIP 317 -1.57 8.43E+14 9.37E+14 9.46E+14 1.47E+22 
TEM-690 PM-HIP 316 -1.59 8.56E+14 9.52E+14 9.61E+14 1.50E+22 
TEM-690 PM-HIP 315 -1.60 8.53E+14 9.48E+14 9.57E+14 1.49E+22 
TEM-690 PM-HIP 314 -1.62 8.51E+14 9.46E+14 9.55E+14 1.49E+22 
TEM-690 PM-HIP 313 -1.63 8.54E+14 9.49E+14 9.58E+14 1.49E+22 
TEM-625 PM-HIP 312 -1.65 8.69E+14 9.66E+14 9.75E+14 1.52E+22 
TEM-625 PM-HIP 311 -1.66 8.69E+14 9.66E+14 9.75E+14 1.52E+22 
TEM-625 PM-HIP 310 -1.68 8.71E+14 9.69E+14 9.78E+14 1.52E+22 
TEM-625 PM-HIP 309 -1.69 8.75E+14 9.73E+14 9.82E+14 1.53E+22 
TEM-625 PM-HIP 308 -1.71 8.85E+14 9.83E+14 9.93E+14 1.55E+22 
TEM-625 PM-HIP 307 -1.72 8.67E+14 9.63E+14 9.72E+14 1.51E+22 
CT-625 Cast 306 -3.22 8.56E+14 9.51E+14 9.60E+14 1.50E+22 
CT-625 Cast 305 -3.22 8.56E+14 9.51E+14 9.60E+14 1.50E+22 
RT-625 Forged 304 -8.89 8.40E+14 9.34E+14 9.43E+14 1.47E+22 
RT-625 Forged 303 -16.51 8.15E+14 9.06E+14 9.14E+14 1.42E+22 
RT-690 Forged 302 -24.13 7.77E+14 8.64E+14 8.72E+14 1.36E+22 
RT-690 Forged 301 -31.75 7.07E+14 7.86E+14 7.93E+14 1.24E+22 

 
Table 13. Position A-7 specimen neutron flux and fluence values of the BSU-8242-400°C/3 DPA (Y) 
capsule analyzed at a Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 
 

A-7 Position [400C 3DPA (Y)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 

RT-304L Forged 723 39.37 5.39E+14 5.99E+14 6.05E+14 9.42E+21 
RT-304L Forged 722 31.75 6.38E+14 7.09E+14 7.16E+14 1.11E+22 
RT-91 PM-HIP 721 24.13 7.21E+14 8.02E+14 8.09E+14 1.26E+22 
RT-316L PM-HIP 720 16.51 7.73E+14 8.59E+14 8.67E+14 1.35E+22 
RT-316L PM-HIP 719 8.89 8.07E+14 8.97E+14 9.06E+14 1.41E+22 
CT-690 Forged 718 3.22 8.24E+14 9.16E+14 9.24E+14 1.44E+22 
CT-316 Cast 717 3.22 8.24E+14 9.16E+14 9.25E+14 1.44E+22 
TEM-USU-400-3-36 716 1.57 8.20E+14 9.12E+14 9.20E+14 1.43E+22 
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A-7 Position [400C 3DPA (Y)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 

TEM-USU-400-3-36 715 1.54 8.31E+14 9.24E+14 9.33E+14 1.45E+22 
TEM-USU-400-3-36 714 1.51 8.29E+14 9.21E+14 9.30E+14 1.45E+22 
TEM-USU-400-3-28 713 1.48 8.12E+14 9.03E+14 9.11E+14 1.42E+22 
TEM-USU-400-3-28 712 1.45 8.03E+14 8.93E+14 9.02E+14 1.40E+22 
TEM-USU-400-3-28 711 1.42 8.05E+14 8.95E+14 9.04E+14 1.41E+22 
TEM-USU-400-3-20 710 1.39 8.01E+14 8.91E+14 8.99E+14 1.40E+22 
TEM-USU-400-3-20 709 1.36 8.03E+14 8.92E+14 9.01E+14 1.40E+22 
TEM-USU-400-3-20 708 1.33 8.06E+14 8.96E+14 9.04E+14 1.41E+22 
CT-316 PM-HIP 707 -3.22 8.30E+14 9.22E+14 9.31E+14 1.45E+22 
CT-316 PM-HIP 706 -3.22 8.30E+14 9.22E+14 9.31E+14 1.45E+22 
RT-316L Forged 705 -8.89 8.13E+14 9.04E+14 9.13E+14 1.42E+22 
RT-316L Forged 704 -16.51 7.89E+14 8.77E+14 8.85E+14 1.38E+22 
RT-91 Cast 703 -24.13 7.52E+14 8.36E+14 8.44E+14 1.31E+22 
RT-304L Forged 702 -31.75 6.82E+14 7.58E+14 7.65E+14 1.19E+22 
RT-304L Forged 701 -39.37 5.97E+14 6.63E+14 6.70E+14 1.04E+22 

 
Table 14. Position A-8 specimen neutron flux and fluence values of the BSU-8242-400°C/3 DPA (X) 
capsule analyzed at a Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 
 

A-8 Position [400C 3DPA (X)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 
RT-690 PM-HIP 674 39.37 5.27E+14 5.86E+14 5.92E+14 9.21E+21 
RT-690 PM-HIP 673 31.75 6.24E+14 6.93E+14 7.00E+14 1.09E+22 
RT-625 PM-HIP 672 24.13 7.01E+14 7.79E+14 7.86E+14 1.22E+22 
RT-625 PM-HIP 671 16.51 7.51E+14 8.35E+14 8.43E+14 1.31E+22 
RT-91 PM-HIP 670 8.89 7.97E+14 8.86E+14 8.94E+14 1.39E+22 
CT-625 PM-HIP 669 3.22 8.08E+14 8.98E+14 9.06E+14 1.41E+22 
CT-625 Cast 668 3.22 8.10E+14 9.00E+14 9.09E+14 1.42E+22 
TEM-91 Cast 667 1.70 8.20E+14 9.11E+14 9.20E+14 1.43E+22 
TEM-91 Cast 666 1.69 8.24E+14 9.16E+14 9.25E+14 1.44E+22 
TEM-91 Cast 665 1.67 8.17E+14 9.09E+14 9.17E+14 1.43E+22 
TEM-91 Cast 664 1.66 8.15E+14 9.06E+14 9.15E+14 1.42E+22 
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A-8 Position [400C 3DPA (X)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 
TEM-91 Cast 663 1.64 8.09E+14 8.99E+14 9.07E+14 1.41E+22 
TEM-91 Cast 662 1.63 8.19E+14 9.10E+14 9.19E+14 1.43E+22 
TEM-304L Forged 661 1.61 8.19E+14 9.10E+14 9.19E+14 1.43E+22 
TEM-304L Forged 660 1.60 8.22E+14 9.14E+14 9.23E+14 1.44E+22 
TEM-304L Forged 659 1.58 8.36E+14 9.30E+14 9.38E+14 1.46E+22 
TEM-304L Forged 658 1.57 8.30E+14 9.22E+14 9.31E+14 1.45E+22 
TEM-304L Forged 657 1.55 8.34E+14 9.27E+14 9.36E+14 1.46E+22 
TEM-304L Forged 656 1.54 8.25E+14 9.18E+14 9.26E+14 1.44E+22 
TEM-304L Forged 655 1.52 8.36E+14 9.30E+14 9.38E+14 1.46E+22 
TEM-304L Forged 654 1.51 8.28E+14 9.20E+14 9.29E+14 1.45E+22 
TEM-304L Forged 653 1.49 8.26E+14 9.18E+14 9.27E+14 1.44E+22 
TEM-304L Forged 652 1.48 8.24E+14 9.16E+14 9.25E+14 1.44E+22 
TEM-304L Forged 651 1.46 8.30E+14 9.22E+14 9.31E+14 1.45E+22 
TEM-304L Forged 650 1.45 8.31E+14 9.24E+14 9.33E+14 1.45E+22 
TEM-316L PM-HIP 649 1.43 8.31E+14 9.24E+14 9.33E+14 1.45E+22 
TEM-316L PM-HIP 648 1.42 8.33E+14 9.26E+14 9.35E+14 1.46E+22 
TEM-316L PM-HIP 647 1.40 8.36E+14 9.30E+14 9.38E+14 1.46E+22 
TEM-316L PM-HIP 646 1.39 8.31E+14 9.24E+14 9.33E+14 1.45E+22 
TEM-316L PM-HIP 645 1.37 8.34E+14 9.27E+14 9.35E+14 1.46E+22 
TEM-316L PM-HIP 644 1.36 8.32E+14 9.25E+14 9.33E+14 1.45E+22 
TEM-316L Forged 643 1.34 8.36E+14 9.29E+14 9.38E+14 1.46E+22 
TEM-316L Forged 642 1.33 8.37E+14 9.30E+14 9.39E+14 1.46E+22 
TEM-316L Forged 641 1.31 8.33E+14 9.26E+14 9.35E+14 1.46E+22 
TEM-316L Forged 640 1.30 8.23E+14 9.15E+14 9.24E+14 1.44E+22 
TEM-316L Forged 639 1.28 8.15E+14 9.06E+14 9.14E+14 1.42E+22 
TEM-316L Forged 638 1.27 8.13E+14 9.03E+14 9.12E+14 1.42E+22 
TEM-91 PM-HIP 637 -1.29 8.11E+14 9.01E+14 9.10E+14 1.42E+22 
TEM-91 PM-HIP 636 -1.30 8.23E+14 9.15E+14 9.23E+14 1.44E+22 
TEM-91 PM-HIP 635 -1.32 8.06E+14 8.96E+14 9.05E+14 1.41E+22 
TEM-91 PM-HIP 634 -1.33 7.99E+14 8.89E+14 8.97E+14 1.40E+22 
TEM-91 PM-HIP 633 -1.35 7.93E+14 8.82E+14 8.90E+14 1.39E+22 
TEM-91 PM-HIP 632 -1.36 8.08E+14 8.98E+14 9.06E+14 1.41E+22 
TEM-690 Forged 631 -1.38 8.13E+14 9.04E+14 9.13E+14 1.42E+22 
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A-8 Position [400C 3DPA (X)] 

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 1 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 2 

Neutron 
Flux 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2∙𝑠𝑠

�       
Cycle 3 

Neutron 
Fluence 
� 𝑛𝑛
𝑐𝑐𝑐𝑐2�       

Total 

TEM-690 Forged 630 -1.39 8.26E+14 9.18E+14 9.27E+14 1.44E+22 
TEM-690 Forged 629 -1.41 8.19E+14 9.11E+14 9.20E+14 1.43E+22 
TEM-690 Forged 628 -1.42 8.26E+14 9.18E+14 9.27E+14 1.44E+22 
TEM-690 Forged 627 -1.44 8.12E+14 9.03E+14 9.11E+14 1.42E+22 
TEM-690 Forged 626 -1.45 8.16E+14 9.07E+14 9.16E+14 1.43E+22 
TEM-690 PM-HIP 625 -1.47 8.23E+14 9.15E+14 9.23E+14 1.44E+22 
TEM-690 PM-HIP 624 -1.48 8.14E+14 9.05E+14 9.14E+14 1.42E+22 
TEM-690 PM-HIP 623 -1.50 8.11E+14 9.01E+14 9.10E+14 1.42E+22 
TEM-690 PM-HIP 622 -1.51 8.17E+14 9.09E+14 9.17E+14 1.43E+22 
TEM-690 PM-HIP 621 -1.53 8.15E+14 9.07E+14 9.15E+14 1.43E+22 
TEM-690 PM-HIP 620 -1.54 8.08E+14 8.98E+14 9.07E+14 1.41E+22 
TEM-625 Forged 619 -1.56 8.21E+14 9.13E+14 9.21E+14 1.43E+22 
TEM-625 Forged 618 -1.57 8.25E+14 9.18E+14 9.26E+14 1.44E+22 
TEM-625 Forged 617 -1.59 8.29E+14 9.22E+14 9.31E+14 1.45E+22 
TEM-625 Forged 616 -1.60 8.09E+14 8.99E+14 9.08E+14 1.41E+22 
TEM-625 Forged 615 -1.62 8.02E+14 8.92E+14 9.00E+14 1.40E+22 
TEM-625 Forged 614 -1.63 7.93E+14 8.81E+14 8.90E+14 1.39E+22 
TEM-625 PM-HIP 613 -1.65 8.05E+14 8.95E+14 9.03E+14 1.41E+22 
TEM-625 PM-HIP 612 -1.66 8.02E+14 8.92E+14 9.00E+14 1.40E+22 
TEM-625 PM-HIP 611 -1.68 8.03E+14 8.93E+14 9.01E+14 1.40E+22 
TEM-625 PM-HIP 610 -1.69 8.00E+14 8.90E+14 8.98E+14 1.40E+22 
TEM-625 PM-HIP 609 -1.71 8.14E+14 9.05E+14 9.13E+14 1.42E+22 
TEM-625 PM-HIP 608 -1.72 8.20E+14 9.12E+14 9.21E+14 1.43E+22 
CT-690 PM-HIP 607 -3.22 8.10E+14 9.00E+14 9.09E+14 1.41E+22 
CT-690 PM-HIP 606 -3.22 8.10E+14 9.00E+14 9.09E+14 1.41E+22 
RT-91 Cast 605 -8.89 8.03E+14 8.93E+14 9.01E+14 1.40E+22 
RT-625 Forged 604 -16.51 7.69E+14 8.55E+14 8.63E+14 1.34E+22 
RT-625 Forged 603 -24.13 7.30E+14 8.12E+14 8.19E+14 1.28E+22 
RT-690 Forged 602 -31.75 6.68E+14 7.42E+14 7.50E+14 1.17E+22 
RT-690 Forged 601 -39.37 5.85E+14 6.51E+14 6.57E+14 1.02E+22 
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8.4 Displacements Per Atom 
The following three tables (Tables 15-17) provide the DPA values for each test specimen within each of 
the capsules. The tally output data was scaled to the appropriate lobe powers specific to each cycle. 
 
Table 15. Position A-6 specimen DPA values of the BSU-8242-300°C/3 DPA capsule analyzed at a 
Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-6 Position [300C 3DPA]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

RT-690 PM-HIP 345 31.75 1.12 1.21 1.20 3.53 
RT-690 PM-HIP 344 24.13 1.26 1.36 1.35 3.96 
RT-625 PM-HIP 343 16.51 1.34 1.45 1.44 4.23 
RT-625 PM-HIP 342 8.89 1.39 1.51 1.49 4.40 
CT-625 PM-HIP 341 3.22 1.42 1.54 1.52 4.47 
CT-625 PM-HIP 340 3.22 1.42 1.54 1.52 4.48 
TEM-USU-300-3-20 339 1.39 1.98 2.14 2.12 6.24 
TEM-USU-300-3-20 338 1.37 1.97 2.13 2.11 6.21 
TEM-USU-300-3-20 337 1.36 1.98 2.15 2.13 6.26 
TEM-USU-300-3-28 336 1.34 1.89 2.05 2.02 5.96 
TEM-USU-300-3-28 335 1.33 1.82 1.98 1.95 5.75 
TEM-USU-300-3-28 334 1.31 1.79 1.94 1.92 5.66 
TEM-USU-300-3-36 333 1.30 1.70 1.84 1.82 5.37 
TEM-USU-300-3-36 332 1.28 1.70 1.84 1.82 5.35 
TEM-USU-300-3-36 331 1.27 1.72 1.87 1.84 5.43 
TEM-690 Forged 330 -1.38 1.59 1.72 1.70 5.01 
TEM-690 Forged 329 -1.39 1.46 1.59 1.57 4.61 
TEM-690 Forged 328 -1.41 1.44 1.56 1.54 4.55 
TEM-690 Forged 327 -1.42 1.43 1.55 1.54 4.52 
TEM-690 Forged 326 -1.44 1.45 1.57 1.55 4.56 
TEM-690 Forged 325 -1.45 1.43 1.55 1.54 4.52 
TEM-625 Forged 324 -1.47 1.46 1.58 1.56 4.60 
TEM-625 Forged 323 -1.48 1.42 1.54 1.52 4.47 
TEM-625 Forged 322 -1.50 1.42 1.54 1.52 4.49 
TEM-625 Forged 321 -1.51 1.41 1.53 1.51 4.46 
TEM-625 Forged 320 -1.53 1.39 1.51 1.49 4.39 
TEM-625 Forged 319 -1.54 1.46 1.59 1.57 4.62 
TEM-690 PM-HIP 318 -1.56 1.40 1.52 1.50 4.42 
TEM-690 PM-HIP 317 -1.57 1.41 1.53 1.52 4.46 
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A-6 Position [300C 3DPA]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

TEM-690 PM-HIP 316 -1.59 1.37 1.49 1.47 4.33 
TEM-690 PM-HIP 315 -1.60 1.39 1.51 1.49 4.40 
TEM-690 PM-HIP 314 -1.62 1.42 1.53 1.52 4.47 
TEM-690 PM-HIP 313 -1.63 1.42 1.54 1.52 4.48 
TEM-625 PM-HIP 312 -1.65 1.45 1.57 1.55 4.57 
TEM-625 PM-HIP 311 -1.66 1.45 1.58 1.56 4.59 
TEM-625 PM-HIP 310 -1.68 1.44 1.56 1.55 4.55 
TEM-625 PM-HIP 309 -1.69 1.42 1.54 1.52 4.48 
TEM-625 PM-HIP 308 -1.71 1.46 1.58 1.56 4.60 
TEM-625 PM-HIP 307 -1.72 1.40 1.51 1.49 4.40 
CT-625 Cast 306 -3.22 1.42 1.54 1.52 4.48 
CT-625 Cast 305 -3.22 1.42 1.54 1.52 4.47 
RT-625 Forged 304 -8.89 1.41 1.52 1.51 4.43 
RT-625 Forged 303 -16.51 1.37 1.48 1.47 4.32 
RT-690 Forged 302 -24.13 1.31 1.42 1.40 4.13 
RT-690 Forged 301 -31.75 1.20 1.30 1.29 3.79 

 
Table 16. Position A-7 specimen DPA values of the BSU-8242-400°C/3 DPA (Y) capsule analyzed at a 
Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-7 Position [400C 3DPA (Y)]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

RT-304L Forged 723 39.37 0.86 0.93 0.92 2.70 
RT-304L Forged 722 31.75 1.00 1.08 1.07 3.15 
RT-91 PM-HIP 721 24.13 1.08 1.17 1.15 3.40 
RT-316L PM-HIP 720 16.51 1.19 1.30 1.28 3.77 
RT-316L PM-HIP 719 8.89 1.24 1.34 1.33 3.91 
CT-690 Forged 718 3.22 1.35 1.46 1.45 4.26 
CT-316 Cast 717 3.22 1.27 1.37 1.36 4.00 
TEM-USU-400-3-36 716 1.57 1.59 1.72 1.70 5.01 
TEM-USU-400-3-36 715 1.54 1.60 1.73 1.71 5.04 
TEM-USU-400-3-36 714 1.51 1.57 1.70 1.68 4.95 
TEM-USU-400-3-28 713 1.48 1.70 1.84 1.82 5.36 
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A-7 Position [400C 3DPA (Y)]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

TEM-USU-400-3-28 712 1.45 1.71 1.85 1.83 5.38 
TEM-USU-400-3-28 711 1.42 1.71 1.85 1.83 5.38 
TEM-USU-400-3-20 710 1.39 1.87 2.03 2.00 5.90 
TEM-USU-400-3-20 709 1.36 1.84 2.00 1.98 5.82 
TEM-USU-400-3-20 708 1.33 1.81 1.96 1.94 5.72 
CT-316 PM-HIP 707 -3.22 1.27 1.37 1.36 4.00 
CT-316 PM-HIP 706 -3.22 1.26 1.37 1.35 3.99 
RT-316L Forged 705 -8.89 1.25 1.35 1.34 3.94 
RT-316L Forged 704 -16.51 1.22 1.32 1.30 3.84 
RT-91 Cast 703 -24.13 1.12 1.22 1.20 3.54 
RT-304L Forged 702 -31.75 1.07 1.15 1.14 3.36 
RT-304L Forged 701 -39.37 0.95 1.02 1.01 2.98 

 
Table 17. Position A-8 specimen DPA values of the BSU-8242-400°C/3 DPA (X) capsule analyzed at a 
Center Lobe Power of 19.7/21.9/22.1 MW per the three cycles. 

A-8 Position [400C 3DPA (X)]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

RT-690 PM-HIP 674 39.37 0.89 0.97 0.96 2.82 
RT-690 PM-HIP 673 31.75 1.04 1.13 1.12 3.29 
RT-625 PM-HIP 672 24.13 1.17 1.27 1.25 3.69 
RT-625 PM-HIP 671 16.51 1.25 1.35 1.33 3.93 
RT-91 PM-HIP 670 8.89 1.17 1.27 1.25 3.68 
CT-625 PM-HIP 669 3.22 1.32 1.43 1.41 4.16 
CT-625 Cast 668 3.22 1.31 1.42 1.40 4.13 
TEM-91 Cast 667 1.70 1.26 1.36 1.35 3.96 
TEM-91 Cast 666 1.69 1.26 1.37 1.35 3.98 
TEM-91 Cast 665 1.67 1.26 1.36 1.35 3.97 
TEM-91 Cast 664 1.66 1.26 1.37 1.35 3.99 
TEM-91 Cast 663 1.64 1.24 1.34 1.33 3.91 
TEM-91 Cast 662 1.63 1.27 1.37 1.36 3.99 
TEM-304L Forged 661 1.61 1.24 1.34 1.33 3.91 
TEM-304L Forged 660 1.60 1.26 1.36 1.35 3.96 
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A-8 Position [400C 3DPA (X)]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

TEM-304L Forged 659 1.58 1.30 1.41 1.40 4.11 
TEM-304L Forged 658 1.57 1.28 1.38 1.37 4.03 
TEM-304L Forged 657 1.55 1.28 1.39 1.38 4.05 
TEM-304L Forged 656 1.54 1.27 1.38 1.36 4.02 
TEM-304L Forged 655 1.52 1.25 1.36 1.34 3.95 
TEM-304L Forged 654 1.51 1.25 1.36 1.34 3.95 
TEM-304L Forged 653 1.49 1.23 1.33 1.32 3.87 
TEM-304L Forged 652 1.48 1.28 1.39 1.37 4.03 
TEM-304L Forged 651 1.46 1.27 1.37 1.36 4.00 
TEM-304L Forged 650 1.45 1.28 1.38 1.37 4.03 
TEM-316L PM-HIP 649 1.43 1.26 1.37 1.35 3.98 
TEM-316L PM-HIP 648 1.42 1.26 1.37 1.35 3.98 
TEM-316L PM-HIP 647 1.40 1.25 1.36 1.34 3.95 
TEM-316L PM-HIP 646 1.39 1.26 1.36 1.35 3.96 
TEM-316L PM-HIP 645 1.37 1.27 1.38 1.36 4.00 
TEM-316L PM-HIP 644 1.36 1.31 1.42 1.40 4.13 
TEM-316L Forged 643 1.34 1.25 1.36 1.34 3.95 
TEM-316L Forged 642 1.33 1.23 1.33 1.32 3.88 
TEM-316L Forged 641 1.31 1.24 1.34 1.33 3.91 
TEM-316L Forged 640 1.30 1.21 1.31 1.29 3.81 
TEM-316L Forged 639 1.28 1.18 1.28 1.27 3.73 
TEM-316L Forged 638 1.27 1.17 1.27 1.25 3.69 
TEM-91 PM-HIP 637 -1.29 1.17 1.27 1.25 3.70 
TEM-91 PM-HIP 636 -1.30 1.24 1.35 1.33 3.92 
TEM-91 PM-HIP 635 -1.32 1.20 1.30 1.28 3.78 
TEM-91 PM-HIP 634 -1.33 1.20 1.30 1.29 3.80 
TEM-91 PM-HIP 633 -1.35 1.15 1.25 1.24 3.64 
TEM-91 PM-HIP 632 -1.36 1.14 1.24 1.22 3.60 
TEM-690 Forged 631 -1.38 1.27 1.38 1.36 4.02 
TEM-690 Forged 630 -1.39 1.29 1.40 1.39 4.09 
TEM-690 Forged 629 -1.41 1.31 1.42 1.40 4.14 
TEM-690 Forged 628 -1.42 1.34 1.45 1.44 4.23 
TEM-690 Forged 627 -1.44 1.29 1.40 1.38 4.07 
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A-8 Position [400C 3DPA (X)]  

Specimen/Material Specimen 
Number 

Distance 
from Core 
Midplane 

(cm) 

DPA       
Cycle 1 

DPA       
Cycle 2 

DPA       
Cycle 3 

 Total 
DPA        

TEM-690 Forged 626 -1.45 1.30 1.41 1.40 4.11 
TEM-690 PM-HIP 625 -1.47 1.33 1.44 1.43 4.20 
TEM-690 PM-HIP 624 -1.48 1.33 1.44 1.42 4.18 
TEM-690 PM-HIP 623 -1.50 1.28 1.39 1.37 4.05 
TEM-690 PM-HIP 622 -1.51 1.30 1.41 1.40 4.11 
TEM-690 PM-HIP 621 -1.53 1.30 1.41 1.40 4.11 
TEM-690 PM-HIP 620 -1.54 1.33 1.44 1.42 4.18 
TEM-625 Forged 619 -1.56 1.34 1.45 1.43 4.22 
TEM-625 Forged 618 -1.57 1.34 1.45 1.43 4.21 
TEM-625 Forged 617 -1.59 1.37 1.48 1.46 4.31 
TEM-625 Forged 616 -1.60 1.35 1.46 1.44 4.25 
TEM-625 Forged 615 -1.62 1.31 1.42 1.40 4.13 
TEM-625 Forged 614 -1.63 1.29 1.40 1.38 4.06 
TEM-625 PM-HIP 613 -1.65 1.33 1.44 1.42 4.19 
TEM-625 PM-HIP 612 -1.66 1.32 1.43 1.42 4.17 
TEM-625 PM-HIP 611 -1.68 1.35 1.47 1.45 4.28 
TEM-625 PM-HIP 610 -1.69 1.35 1.46 1.44 4.25 
TEM-625 PM-HIP 609 -1.71 1.37 1.49 1.47 4.33 
TEM-625 PM-HIP 608 -1.72 1.39 1.51 1.49 4.40 
CT-690 PM-HIP 607 -3.22 1.32 1.43 1.41 4.16 
CT-690 PM-HIP 606 -3.22 1.32 1.43 1.42 4.17 
RT-91 Cast 605 -8.89 1.18 1.28 1.26 3.71 
RT-625 Forged 604 -16.51 1.27 1.38 1.36 4.01 
RT-625 Forged 603 -24.13 1.22 1.32 1.30 3.84 
RT-690 Forged 602 -31.75 1.12 1.21 1.19 3.52 
RT-690 Forged 601 -39.37 0.99 1.07 1.06 3.12 
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8.5 Decay Heat 
Table 18 provides the decay heat (in watts per capsule) for each of the 3 DPA BSU-8242 capsules after 
the end of the final irradiation cycle (166B), with additional time periods over the subsequent year.  
Calculations were made with the use of the ATR as-run data for lobe powers, irradiation periods, and 
outages, as summarized in Table 5. 
 

Table 18. Decay Heating of the 3DPA Capsules Post Cycle 166B Irradiation. 
DECAY HEAT (Watts/Capsule) 

 EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
A6 300C 3 DPA 72.01 26.27 23.65 12.19 6.26 4.41 3.78 3.22 2.21 

A7 400C 3 DPA Y 109.00 34.72 30.90 14.09 5.53 3.32 2.58 1.91 0.68 
A8 400C 3 DPA X 87.92 36.60 32.84 16.24 7.71 5.23 4.38 3.61 2.22 
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8.6 Radioactivity 
The following six tables provide the total radionuclide activity in curies per capsule (Table 19-21) and mass per capsule (Table 22-24) detailed 
isotopically for each of the three DPA BSU-8242 capsules, which includes all material components, following the irradiation of Cycle 166B and 
carried out in eight additional increments over the subsequent year.  Calculations were made with the implementation, within the ORIGEN input 
deck, of the ATR as-run lobe power data and irradiation times for Cycle 164B, 166A, and 166B.  See Table 19 for the ‘A6 300C 3 DPA’ capsule 
source terms, Table 20 for the ‘A7 400C 3 DPA X’ capsule source terms, and Table 21 for the ‘A8 400C 3 DPA Y’ capsule source terms. 
 

Table 19. Source Terms for 'A6 300C 3 DPA' Capsule. 
ACTIVATION PRODUCTS (Ci) 

ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  H  3     8.72E-05 8.72E-05 8.72E-05 8.71E-05 8.68E-05 8.60E-05 8.55E-05 8.48E-05 8.25E-05 
  H  4     2.79E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HE  6     2.06E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LI  8     1.05E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 BE  8     3.55E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 BE 10     1.67E-09 1.67E-09 1.67E-09 1.67E-09 1.67E-09 1.67E-09 1.67E-09 1.67E-09 1.67E-09 
 BE 11     1.14E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  B 12     4.86E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  C 14     6.13E-08 6.13E-08 6.13E-08 6.13E-08 6.13E-08 6.13E-08 6.13E-08 6.13E-08 6.13E-08 
  C 15     1.61E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  N 16     3.22E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  O 19     1.15E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  F 20     1.53E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NE 23     5.61E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 24     1.38E+01 4.56E+00 1.50E+00 2.11E-04 4.91E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 24M    3.40E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 25     3.39E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 27     6.55E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 28     2.01E-07 9.08E-08 4.10E-08 7.06E-11 8.69E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 AL 28     1.57E+03 9.10E-08 4.11E-08 7.07E-11 8.70E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 29     3.23E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 30     3.12E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 31     3.39E-01 5.93E-04 1.04E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 32     1.05E-10 1.05E-10 1.05E-10 1.05E-10 1.05E-10 1.05E-10 1.05E-10 1.05E-10 1.05E-10 
  P 32     2.41E-01 2.30E-01 2.19E-01 1.49E-01 5.64E-02 3.08E-03 4.43E-04 3.92E-05 6.48E-09 
  P 33     1.26E-05 1.22E-05 1.19E-05 9.53E-06 5.47E-06 1.04E-06 3.42E-07 8.55E-08 5.82E-10 
  P 34     7.81E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  S 35     5.25E-03 5.21E-03 5.17E-03 4.85E-03 4.15E-03 2.59E-03 1.89E-03 1.27E-03 3.08E-04 
  S 37     2.26E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 36     1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 
 CL 38     1.56E-08 3.51E-20 6.85E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 38M    1.86E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 37     2.69E-13 2.64E-13 2.59E-13 2.21E-13 1.49E-13 4.53E-14 2.05E-14 7.63E-15 2.16E-16 
 AR 39     3.12E-15 3.12E-15 3.12E-15 3.12E-15 3.12E-15 3.12E-15 3.11E-15 3.11E-15 3.11E-15 
 AR 41     3.04E-09 3.38E-13 3.75E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 42     6.84E-18 6.84E-18 6.84E-18 6.84E-18 6.83E-18 6.81E-18 6.79E-18 6.77E-18 6.70E-18 
  K 42     3.14E-11 8.17E-12 2.13E-12 5.17E-17 6.83E-18 6.81E-18 6.79E-18 6.77E-18 6.70E-18 
  K 43     3.86E-08 1.85E-08 8.84E-09 2.45E-11 9.90E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  K 44     6.85E-09 1.35E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CA 45     1.57E-04 1.57E-04 1.56E-04 1.51E-04 1.39E-04 1.07E-04 9.06E-05 7.32E-05 3.40E-05 
 CA 47     2.98E-06 2.56E-06 2.20E-06 6.47E-07 3.04E-08 3.17E-12 7.03E-15 3.38E-18 3.83E-30 
 SC 46     2.72E-02 2.70E-02 2.68E-02 2.50E-02 2.12E-02 1.29E-02 9.28E-03 6.14E-03 1.38E-03 
 SC 46M    2.13E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 47     7.05E-02 5.74E-02 4.66E-02 8.91E-03 1.42E-04 5.91E-10 1.78E-13 1.78E-17 1.47E-29 
 SC 48     6.61E-03 4.52E-03 3.09E-03 1.48E-04 7.45E-08 9.48E-18 2.40E-24 2.28E-32 0.00E+00 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 SC 49     6.16E-03 1.78E-10 5.15E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 50     1.13E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TI 51     1.44E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 50     1.12E-16 1.12E-16 1.12E-16 1.12E-16 1.12E-16 1.12E-16 1.12E-16 1.12E-16 1.12E-16 
  V 52     3.18E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 53     1.22E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 54     1.33E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CR 51     2.23E+03 2.17E+03 2.12E+03 1.74E+03 1.05E+03 2.35E+02 8.63E+01 2.47E+01 2.74E-01 
 CR 55     3.65E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 54     2.53E+01 2.52E+01 2.52E+01 2.48E+01 2.37E+01 2.07E+01 1.90E+01 1.70E+01 1.14E+01 
 MN 56     7.70E+02 1.22E+00 1.92E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 57     2.37E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 58     7.08E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 FE 55     1.15E+02 1.15E+02 1.15E+02 1.14E+02 1.13E+02 1.08E+02 1.05E+02 1.01E+02 8.84E+01 
 FE 59     2.12E+01 2.08E+01 2.05E+01 1.81E+01 1.33E+01 5.29E+00 2.86E+00 1.32E+00 8.27E-02 
 CO 58     2.11E+02 2.09E+02 2.07E+02 1.92E+02 1.57E+02 8.75E+01 5.91E+01 3.62E+01 6.21E+00 
 CO 60     1.31E+02 1.31E+02 1.31E+02 1.31E+02 1.30E+02 1.27E+02 1.25E+02 1.23E+02 1.15E+02 
 CO 60M    1.13E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 61     8.98E+00 3.75E-04 1.57E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 62     6.85E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 59     7.71E-02 7.71E-02 7.71E-02 7.71E-02 7.71E-02 7.71E-02 7.71E-02 7.71E-02 7.71E-02 
 NI 63     1.02E+01 1.02E+01 1.02E+01 1.02E+01 1.02E+01 1.02E+01 1.02E+01 1.02E+01 1.01E+01 
 NI 65     8.04E+01 1.09E-01 1.48E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 66     2.40E-03 1.77E-03 1.31E-03 1.14E-04 2.58E-07 2.98E-15 1.52E-20 3.70E-27 0.00E+00 
 CU 64     9.28E+01 2.50E+01 6.75E+00 1.90E-04 7.96E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CU 66     2.04E+01 1.77E-03 1.31E-03 1.14E-04 2.59E-07 2.99E-15 1.53E-20 3.71E-27 0.00E+00 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 CU 67     1.14E-04 8.70E-05 6.65E-05 7.73E-06 3.57E-08 3.51E-15 7.48E-20 1.08E-25 0.00E+00 
 ZN 65     1.09E-02 1.08E-02 1.08E-02 1.06E-02 9.98E-03 8.41E-03 7.51E-03 6.51E-03 3.91E-03 
 ZN 69     2.11E-07 4.55E-09 1.36E-09 8.58E-14 2.71E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZN 69M    1.42E-08 4.24E-09 1.27E-09 7.99E-14 2.53E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 70     4.37E-10 1.26E-30 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 72     9.03E-16 2.92E-16 9.43E-17 7.51E-21 4.34E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GE 71     3.11E-13 2.93E-13 2.77E-13 1.73E-13 5.34E-14 1.57E-15 1.51E-16 8.41E-18 2.15E-22 
 GE 71M    3.83E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SR 89     1.57E-07 1.55E-07 1.53E-07 1.37E-07 1.04E-07 4.58E-08 2.64E-08 1.33E-08 1.13E-09 
 SR 90     1.99E-10 1.99E-10 1.99E-10 1.99E-10 1.98E-10 1.98E-10 1.97E-10 1.97E-10 1.94E-10 
 SR 91     4.79E-09 8.31E-10 1.44E-10 1.19E-16 6.85E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SR 93     8.84E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 89M    2.53E-03 2.04E-03 1.65E-03 3.03E-04 4.36E-06 1.30E-11 2.69E-15 6.67E-20 0.00E+00 
  Y 90     1.19E-02 9.17E-03 7.07E-03 8.84E-04 4.88E-06 1.99E-10 1.97E-10 1.97E-10 1.94E-10 
  Y 90M    3.91E-09 1.83E-11 8.54E-14 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 91     1.15E-06 1.14E-06 1.13E-06 1.03E-06 8.09E-07 3.97E-07 2.47E-07 1.37E-07 1.62E-08 
  Y 92     6.06E-07 5.50E-09 5.00E-11 2.33E-27 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 93     8.84E-15 1.71E-15 3.39E-16 6.43E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 94     3.41E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 96     1.18E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZR 89     2.53E-03 2.05E-03 1.66E-03 3.03E-04 4.36E-06 1.30E-11 2.69E-15 6.68E-20 0.00E+00 
 ZR 93     3.12E-08 3.12E-08 3.12E-08 3.12E-08 3.12E-08 3.12E-08 3.12E-08 3.12E-08 3.12E-08 
 ZR 95     5.85E-03 5.78E-03 5.72E-03 5.25E-03 4.22E-03 2.21E-03 1.43E-03 8.32E-04 1.18E-04 
 ZR 97     2.00E-04 7.47E-05 2.79E-05 1.06E-08 2.99E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 92     4.96E-01 4.64E-01 4.33E-01 2.51E-01 6.41E-02 1.07E-03 6.98E-05 2.30E-06 1.07E-11 
 NB 93M    7.07E-10 7.11E-10 7.15E-10 7.47E-10 8.28E-10 1.07E-09 1.23E-09 1.43E-09 2.13E-09 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 NB 94     4.29E-03 4.29E-03 4.29E-03 4.29E-03 4.29E-03 4.29E-03 4.29E-03 4.29E-03 4.29E-03 
 NB 95     1.15E+01 1.13E+01 1.11E+01 9.47E+00 6.38E+00 1.96E+00 8.90E-01 3.33E-01 9.78E-03 
 NB 95M    4.16E-05 4.14E-05 4.12E-05 3.87E-05 3.13E-05 1.64E-05 1.06E-05 6.17E-06 8.78E-07 
 NB 96     6.23E-02 3.05E-02 1.50E-02 5.01E-05 3.25E-11 8.85E-30 0.00E+00 0.00E+00 0.00E+00 
 NB 97     7.11E-03 7.50E-05 2.80E-05 1.14E-08 3.22E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 97M    1.89E-04 7.07E-05 2.64E-05 1.01E-08 2.83E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 98     1.06E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB100     5.25E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93M    1.46E-01 1.29E-02 1.14E-03 4.15E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93     4.40E-04 4.40E-04 4.40E-04 4.40E-04 4.40E-04 4.40E-04 4.40E-04 4.40E-04 4.40E-04 
 MO 99     1.02E+02 7.95E+01 6.18E+01 8.23E+00 5.32E-02 1.44E-08 6.02E-13 2.02E-18 0.00E+00 
 MO101     2.54E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC 99     1.86E-05 1.87E-05 1.88E-05 1.90E-05 1.91E-05 1.91E-05 1.91E-05 1.91E-05 1.91E-05 
 TC100     1.68E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC101     2.54E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU103     1.29E-03 1.27E-03 1.24E-03 1.08E-03 7.59E-04 2.63E-04 1.30E-04 5.38E-05 2.25E-06 
 RU105     1.80E-08 4.25E-10 1.00E-11 9.54E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU106     7.99E-15 7.98E-15 7.96E-15 7.85E-15 7.56E-15 6.75E-15 6.26E-15 5.70E-15 4.06E-15 
 RH104     2.20E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH104M    1.59E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH105     1.41E-08 1.04E-08 6.50E-09 1.51E-10 1.24E-14 6.82E-27 0.00E+00 0.00E+00 0.00E+00 
 RH105M    5.05E-09 1.19E-10 2.81E-12 2.68E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH106     2.69E-09 7.98E-15 7.96E-15 7.85E-15 7.56E-15 6.75E-15 6.26E-15 5.70E-15 4.06E-15 
 RH106M    1.30E-09 6.78E-13 3.53E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD107M    1.05E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD109     5.10E-16 1.58E-16 3.38E-17 1.72E-21 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 AG109M    5.10E-16 1.58E-16 4.60E-17 1.72E-21 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TM172     1.92E-09 1.48E-09 1.14E-09 1.40E-10 7.50E-13 1.15E-19 3.28E-24 6.85E-30 0.00E+00 
 TM173     1.71E-09 2.27E-10 3.02E-11 2.92E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 YB175     2.90E-12 2.46E-12 2.09E-12 5.55E-13 2.03E-14 9.92E-19 1.09E-18 2.79E-22 0.00E+00 
 YB175M    2.05E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LU176     6.68E-15 6.68E-15 6.68E-15 6.68E-15 6.68E-15 6.68E-15 6.68E-15 6.68E-15 6.68E-15 
 LU176M    5.69E-03 6.26E-05 6.90E-07 1.50E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LU177     1.74E-03 1.57E-03 1.41E-03 6.18E-04 7.86E-05 3.98E-07 2.02E-07 1.60E-07 7.14E-08 
 LU177M    1.55E-06 1.55E-06 1.54E-06 1.48E-06 1.36E-06 1.04E-06 8.68E-07 6.94E-07 3.10E-07 
 HF175     2.02E-02 2.00E-02 1.98E-02 1.83E-02 1.50E-02 8.30E-03 5.58E-03 3.40E-03 5.72E-04 
 HF178M    4.99E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF179M    5.49E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF180M    3.26E-02 1.59E-03 7.70E-05 2.39E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF181     4.64E-01 4.56E-01 4.49E-01 3.94E-01 2.84E-01 1.07E-01 5.54E-02 2.45E-02 1.29E-03 
 HF182     1.93E-10 1.93E-10 1.93E-10 1.93E-10 1.93E-10 1.93E-10 1.93E-10 1.93E-10 1.93E-10 
 TA180     1.32E-14 1.32E-14 1.32E-14 1.32E-14 1.32E-14 1.32E-14 1.32E-14 1.32E-14 1.32E-14 
 TA182     3.33E+02 3.31E+02 3.29E+02 3.13E+02 2.78E+02 1.93E+02 1.52E+02 1.12E+02 3.80E+01 
 TA182M    1.76E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA183     3.39E+03 2.96E+03 2.59E+03 8.72E+02 5.75E+01 1.65E-02 7.20E-05 8.05E-08 1.91E-18 
  W181     2.02E-15 2.01E-15 2.00E-15 1.91E-15 1.70E-15 1.21E-15 9.62E-16 7.23E-16 2.58E-16 
  W183M    4.08E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W185     6.62E-01 6.56E-01 6.50E-01 6.04E-01 5.02E-01 2.89E-01 2.00E-01 1.26E-01 2.39E-02 
  W185M    2.06E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W187     4.82E-04 2.40E-04 1.20E-04 4.58E-07 4.12E-13 2.97E-31 0.00E+00 0.00E+00 0.00E+00 
  W188     1.18E-06 1.17E-06 1.16E-06 1.07E-06 8.76E-07 4.81E-07 3.23E-07 1.96E-07 3.25E-08 
 RE186     1.37E-01 1.14E-01 9.48E-02 2.18E-02 5.56E-04 9.17E-09 5.95E-12 6.15E-16 2.76E-30 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 RE187     6.26E-16 6.39E-16 6.46E-16 6.52E-16 6.52E-16 6.52E-16 6.52E-16 6.52E-16 6.52E-16 
 RE188     2.06E-05 8.60E-06 3.96E-06 1.08E-06 8.85E-07 4.86E-07 3.26E-07 1.98E-07 3.28E-08 
 RE188M    1.90E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RE189     3.41E-10 1.72E-10 8.67E-11 3.62E-13 4.10E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 OS190M    9.17E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 OS191     1.34E-11 1.33E-11 1.28E-11 8.97E-12 3.65E-12 2.45E-13 4.06E-14 4.28E-15 1.30E-18 
 OS191M    1.98E-11 5.50E-12 1.53E-12 5.47E-17 4.20E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR192     3.42E-13 3.39E-13 3.36E-13 3.11E-13 2.58E-13 1.47E-13 1.01E-13 6.34E-14 1.18E-14 
 IR194     1.71E-14 7.18E-15 3.01E-15 2.89E-18 8.22E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR194M    9.03E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PT193M    2.25E-16 1.89E-16 1.58E-16 4.27E-17 6.01E-19 3.79E-23 3.79E-23 1.20E-26 0.00E+00 
TOTAL 1.05E+04 6.10E+03 5.63E+03 3.43E+03 1.84E+03 7.89E+02 5.60E+02 4.26E+02 2.70E+02 
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Table 20. Source Terms for 'A7 400C 3 DPA Y' Capsule. 
ACTIVATION PRODUCTS (Ci) 

ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  H  3     1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.02E-04 1.01E-04 1.00E-04 9.76E-05 
  H  4     3.37E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HE  6     1.61E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LI  8     3.19E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 BE  8     2.77E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 BE 10     1.42E-09 1.42E-09 1.42E-09 1.42E-09 1.42E-09 1.42E-09 1.42E-09 1.42E-09 1.42E-09 
 BE 11     8.89E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  B 12     6.65E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  C 14     3.28E-03 3.28E-03 3.28E-03 3.28E-03 3.28E-03 3.28E-03 3.28E-03 3.28E-03 3.28E-03 
  C 15     7.59E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  N 16     2.53E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  O 19     1.05E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  F 20     1.52E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NE 23     6.09E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 24     1.50E+01 4.94E+00 1.63E+00 2.28E-04 5.31E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 24M    3.37E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 25     3.68E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 27     7.09E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 28     1.99E-07 8.98E-08 4.05E-08 6.98E-11 8.59E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 28     1.69E+03 9.00E-08 4.06E-08 7.00E-11 8.61E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 29     4.27E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 30     4.12E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 31     6.49E-01 1.14E-03 2.00E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 32     1.84E-10 1.84E-10 1.84E-10 1.84E-10 1.84E-10 1.84E-10 1.84E-10 1.84E-10 1.84E-10 
  P 32     7.48E-01 7.13E-01 6.79E-01 4.61E-01 1.75E-01 9.53E-03 1.37E-03 1.22E-04 1.99E-08 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

  P 33     2.38E-05 2.31E-05 2.25E-05 1.80E-05 1.04E-05 1.96E-06 6.47E-07 1.62E-07 1.10E-09 
  P 34     1.49E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  S 35     1.00E-02 9.92E-03 9.84E-03 9.24E-03 7.90E-03 4.92E-03 3.59E-03 2.42E-03 5.87E-04 
  S 37     4.29E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 36     2.99E-10 2.99E-10 2.99E-10 2.99E-10 2.99E-10 2.99E-10 2.99E-10 2.99E-10 2.99E-10 
 CL 38     2.70E-08 6.08E-20 1.37E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 38M    3.21E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 37     4.28E-13 4.20E-13 4.12E-13 3.51E-13 2.37E-13 7.21E-14 3.27E-14 1.22E-14 3.45E-16 
 AR 39     5.03E-15 5.03E-15 5.03E-15 5.03E-15 5.03E-15 5.03E-15 5.03E-15 5.03E-15 5.02E-15 
 AR 41     5.81E-13 6.45E-17 7.16E-21 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  K 42     4.87E-16 1.41E-16 2.17E-17 4.58E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  K 44     1.33E-12 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CA 45     1.05E-09 1.05E-09 1.04E-09 1.01E-09 9.27E-10 7.18E-10 6.06E-10 4.90E-10 2.28E-10 
 CA 47     6.95E-09 5.96E-09 5.12E-09 1.51E-09 7.09E-11 7.39E-15 1.54E-17 7.37E-21 0.00E+00 
 SC 46     3.46E-12 3.44E-12 3.41E-12 3.19E-12 2.70E-12 1.65E-12 1.18E-12 7.82E-13 1.76E-13 
 SC 46M    4.37E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 47     2.97E-05 2.42E-05 1.97E-05 3.76E-06 6.02E-08 2.72E-13 1.32E-16 3.06E-20 0.00E+00 
 SC 48     6.75E-05 4.62E-05 3.16E-05 1.51E-06 7.61E-10 9.68E-20 2.45E-26 0.00E+00 0.00E+00 
 SC 49     8.13E-06 2.35E-13 6.80E-21 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 50     6.95E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TI 51     1.57E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 50     1.44E-16 1.44E-16 1.44E-16 1.44E-16 1.44E-16 1.44E-16 1.44E-16 1.44E-16 1.44E-16 
  V 52     4.27E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 53     1.04E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 54     1.13E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CR 51     1.92E+03 1.87E+03 1.82E+03 1.49E+03 9.04E+02 2.02E+02 7.41E+01 2.12E+01 2.35E-01 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 CR 55     3.14E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 54     4.60E+01 4.59E+01 4.58E+01 4.50E+01 4.31E+01 3.77E+01 3.45E+01 3.09E+01 2.07E+01 
 MN 56     2.51E+03 3.97E+00 6.24E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 57     4.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 58     1.26E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 FE 55     1.99E+02 1.99E+02 1.99E+02 1.98E+02 1.95E+02 1.87E+02 1.81E+02 1.75E+02 1.53E+02 
 FE 59     3.78E+01 3.72E+01 3.66E+01 3.24E+01 2.38E+01 9.44E+00 5.10E+00 2.36E+00 1.48E-01 
 CO 58     7.03E+01 6.97E+01 6.90E+01 6.38E+01 5.24E+01 2.91E+01 1.97E+01 1.21E+01 2.07E+00 
 CO 60     5.09E-01 5.08E-01 5.08E-01 5.07E-01 5.03E-01 4.92E-01 4.85E-01 4.77E-01 4.47E-01 
 CO 60M    6.30E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 61     1.50E-01 6.29E-06 2.63E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 62     2.19E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 59     2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 
 NI 63     3.21E+00 3.21E+00 3.21E+00 3.21E+00 3.21E+00 3.20E+00 3.20E+00 3.20E+00 3.18E+00 
 NI 65     2.52E+01 3.43E-02 4.65E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 66     6.88E-04 5.08E-04 3.74E-04 3.27E-05 7.40E-08 8.54E-16 4.36E-21 1.06E-27 0.00E+00 
 CU 64     3.88E+01 1.05E+01 2.83E+00 7.95E-05 3.33E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CU 66     8.48E+00 5.08E-04 3.75E-04 3.28E-05 7.41E-08 8.55E-16 4.37E-21 1.06E-27 0.00E+00 
 CU 67     4.33E-05 3.31E-05 2.53E-05 2.94E-06 1.36E-08 1.34E-15 2.84E-20 4.12E-26 0.00E+00 
 ZN 65     4.16E-03 4.15E-03 4.13E-03 4.04E-03 3.82E-03 3.22E-03 2.87E-03 2.49E-03 1.49E-03 
 ZN 69     6.75E-08 1.45E-09 4.34E-10 2.74E-14 8.66E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZN 69M    4.54E-09 1.35E-09 4.04E-10 2.55E-14 8.06E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 70     1.28E-10 3.65E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 72     2.20E-16 5.34E-17 2.76E-17 2.19E-21 1.14E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GE 71     8.30E-14 7.83E-14 7.38E-14 4.61E-14 1.43E-14 4.20E-16 3.95E-17 1.69E-18 4.32E-23 
 GE 71M    1.02E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 SR 89     4.05E-08 3.99E-08 3.94E-08 3.53E-08 2.68E-08 1.18E-08 6.80E-09 3.42E-09 2.89E-10 
 SR 90     1.15E-11 1.15E-11 1.15E-11 1.15E-11 1.15E-11 1.15E-11 1.14E-11 1.14E-11 1.13E-11 
 SR 91     1.21E-09 2.10E-10 3.64E-11 3.00E-17 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SR 93     2.08E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 89M    7.10E-04 5.74E-04 4.64E-04 8.51E-05 1.23E-06 3.65E-12 7.55E-16 1.88E-20 0.00E+00 
  Y 90     1.06E-04 8.16E-05 6.29E-05 7.86E-06 4.34E-08 1.15E-11 1.14E-11 1.14E-11 1.13E-11 
  Y 90M    1.01E-09 4.70E-12 2.19E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 91     1.56E-08 1.54E-08 1.52E-08 1.39E-08 1.09E-08 5.37E-09 3.34E-09 1.85E-09 2.19E-10 
  Y 92     1.55E-07 1.41E-09 1.28E-11 5.97E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 93     2.08E-15 4.16E-16 7.09E-17 1.34E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 94     8.63E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 96     2.76E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZR 89     7.11E-04 5.75E-04 4.65E-04 8.53E-05 1.23E-06 3.65E-12 7.56E-16 1.88E-20 0.00E+00 
 ZR 93     1.99E-09 1.99E-09 1.99E-09 1.99E-09 1.99E-09 1.99E-09 1.99E-09 1.99E-09 1.99E-09 
 ZR 95     1.64E-03 1.63E-03 1.61E-03 1.48E-03 1.19E-03 6.20E-04 4.02E-04 2.34E-04 3.33E-05 
 ZR 97     5.62E-05 2.10E-05 7.84E-06 2.98E-09 8.40E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 92     1.40E-01 1.30E-01 1.22E-01 7.05E-02 1.80E-02 3.01E-04 1.96E-05 6.48E-07 3.01E-12 
 NB 93M    4.46E-11 4.48E-11 4.51E-11 4.71E-11 5.23E-11 6.76E-11 7.78E-11 9.04E-11 1.35E-10 
 NB 94     3.80E-05 3.80E-05 3.80E-05 3.80E-05 3.80E-05 3.80E-05 3.80E-05 3.80E-05 3.80E-05 
 NB 95     9.69E-02 9.50E-02 9.32E-02 7.98E-02 5.42E-02 1.72E-02 8.07E-03 3.20E-03 1.51E-04 
 NB 95M    1.17E-05 1.17E-05 1.16E-05 1.09E-05 8.81E-06 4.60E-06 2.98E-06 1.74E-06 2.47E-07 
 NB 96     5.46E-03 2.68E-03 1.31E-03 4.40E-06 2.85E-12 7.76E-31 0.00E+00 0.00E+00 0.00E+00 
 NB 97     2.00E-03 2.11E-05 7.88E-06 3.21E-09 9.06E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 97M    5.32E-05 1.99E-05 7.43E-06 2.82E-09 7.96E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 98     2.97E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB100     1.48E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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 MO 93M    4.11E-02 3.62E-03 3.19E-04 1.17E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93     1.24E-04 1.24E-04 1.24E-04 1.24E-04 1.24E-04 1.24E-04 1.24E-04 1.24E-04 1.24E-04 
 MO 99     2.88E+01 2.24E+01 1.74E+01 2.31E+00 1.50E-02 4.05E-09 1.69E-13 5.69E-19 0.00E+00 
 MO101     7.15E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC 99     5.27E-06 5.30E-06 5.32E-06 5.38E-06 5.39E-06 5.39E-06 5.39E-06 5.39E-06 5.39E-06 
 TC100     4.35E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC101     7.15E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU103     3.03E-04 2.98E-04 2.93E-04 2.54E-04 1.79E-04 6.19E-05 3.06E-05 1.27E-05 5.28E-07 
 RU105     3.54E-09 8.34E-11 1.97E-12 1.88E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU106     1.44E-15 1.43E-15 1.43E-15 1.41E-15 1.36E-15 1.21E-15 1.12E-15 1.02E-15 7.29E-16 
 RH104     4.79E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH104M    3.47E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH105     2.82E-09 2.07E-09 1.30E-09 3.01E-11 2.47E-15 1.36E-27 0.00E+00 0.00E+00 0.00E+00 
 RH105M    9.91E-10 2.34E-11 5.52E-13 5.26E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH106     4.91E-10 1.43E-15 1.43E-15 1.41E-15 1.36E-15 1.21E-15 1.12E-15 1.02E-15 7.29E-16 
 RH106M    2.39E-10 1.24E-13 6.45E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD107M    1.75E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TM172     1.66E-09 1.28E-09 9.84E-10 1.21E-10 6.49E-13 9.92E-20 2.84E-24 5.93E-30 0.00E+00 
 TM173     1.42E-09 1.89E-10 2.51E-11 2.43E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 YB175     1.96E-12 1.66E-12 1.41E-12 3.74E-13 1.37E-14 6.69E-19 0.00E+00 0.00E+00 0.00E+00 
 YB175M    1.38E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LU176     6.07E-15 6.07E-15 6.07E-15 6.07E-15 6.07E-15 6.07E-15 6.07E-15 6.07E-15 6.07E-15 
 LU176M    4.92E-03 5.42E-05 5.97E-07 1.30E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LU177     1.44E-03 1.30E-03 1.17E-03 5.12E-04 6.50E-05 3.26E-07 1.65E-07 1.30E-07 5.82E-08 
 LU177M    1.27E-06 1.26E-06 1.26E-06 1.21E-06 1.11E-06 8.47E-07 7.08E-07 5.66E-07 2.53E-07 
 HF175     1.93E-02 1.91E-02 1.89E-02 1.75E-02 1.43E-02 7.91E-03 5.32E-03 3.24E-03 5.46E-04 
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 HF178M    5.53E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF179M    5.33E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF180M    2.89E-02 1.41E-03 6.83E-05 2.12E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF181     4.19E-01 4.12E-01 4.06E-01 3.56E-01 2.57E-01 9.62E-02 5.00E-02 2.21E-02 1.16E-03 
 HF182     1.60E-10 1.60E-10 1.60E-10 1.60E-10 1.60E-10 1.60E-10 1.60E-10 1.60E-10 1.60E-10 
 TA180     2.35E-14 2.35E-14 2.35E-14 2.35E-14 2.35E-14 2.35E-14 2.35E-14 2.35E-14 2.35E-14 
 TA182     5.46E+02 5.43E+02 5.39E+02 5.14E+02 4.56E+02 3.17E+02 2.49E+02 1.84E+02 6.23E+01 
 TA182M    2.67E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA183     5.10E+03 4.45E+03 3.89E+03 1.31E+03 8.65E+01 2.49E-02 1.08E-04 1.20E-07 2.86E-18 
  W181     3.09E-15 3.08E-15 3.06E-15 2.92E-15 2.61E-15 1.85E-15 1.47E-15 1.11E-15 3.95E-16 
  W183M    6.04E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W185     7.97E-01 7.90E-01 7.83E-01 7.27E-01 6.05E-01 3.48E-01 2.40E-01 1.51E-01 2.88E-02 
  W185M    2.50E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W187     4.87E-04 2.43E-04 1.21E-04 4.62E-07 4.16E-13 2.97E-31 0.00E+00 0.00E+00 0.00E+00 
  W188     1.09E-06 1.08E-06 1.06E-06 9.82E-07 8.04E-07 4.42E-07 2.96E-07 1.80E-07 2.98E-08 
 RE186     1.52E-01 1.26E-01 1.05E-01 2.42E-02 6.17E-04 1.02E-08 6.60E-12 6.82E-16 3.06E-30 
 RE187     6.30E-16 6.43E-16 6.49E-16 6.56E-16 6.56E-16 6.56E-16 6.56E-16 6.56E-16 6.56E-16 
 RE188     1.89E-05 7.91E-06 3.64E-06 9.94E-07 8.13E-07 4.46E-07 2.99E-07 1.82E-07 3.01E-08 
 RE188M    1.75E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RE189     2.86E-10 1.44E-10 7.28E-11 3.05E-13 3.45E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 OS190M    6.99E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 OS191     9.25E-12 9.19E-12 8.88E-12 6.22E-12 2.53E-12 1.70E-13 2.81E-14 2.96E-15 9.00E-19 
 OS191M    1.37E-11 3.82E-12 1.06E-12 3.80E-17 2.92E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR192     2.21E-13 2.19E-13 2.17E-13 2.02E-13 1.67E-13 9.53E-14 6.55E-14 4.10E-14 7.60E-15 
 IR194     9.27E-15 3.89E-15 1.64E-15 1.58E-18 4.49E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR194M    4.89E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 58 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

ACTIVATION PRODUCTS (Ci) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 PT193M    1.33E-16 1.11E-16 9.33E-17 2.80E-17 3.29E-18 2.08E-22 2.08E-22 6.56E-26 0.00E+00 
 SUMTOT    1.24E+04 7.26E+03 6.63E+03 3.66E+03 1.77E+03 7.86E+02 5.68E+02 4.30E+02 2.43E+02 
 0TOTAL     1.24E+04 7.26E+03 6.63E+03 3.66E+03 1.77E+03 7.86E+02 5.68E+02 4.30E+02 2.43E+02 

 
 Table 21. Source Terms for 'A8 400C 3 DPA X' Capsule. 

ACTIVATION PRODUCTS 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

  H  3     1.04E-04 1.04E-04 1.04E-04 1.03E-04 1.03E-04 1.02E-04 1.02E-04 1.01E-04 9.80E-05 
  H  4     3.07E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HE  6     2.11E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LI  8     2.09E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 BE  8     3.63E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 BE 10     1.85E-09 1.85E-09 1.85E-09 1.85E-09 1.85E-09 1.85E-09 1.85E-09 1.85E-09 1.85E-09 
 BE 11     1.17E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  B 12     4.36E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  C 14     2.14E-04 2.14E-04 2.14E-04 2.14E-04 2.14E-04 2.14E-04 2.14E-04 2.14E-04 2.14E-04 
  C 15     5.10E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  N 16     1.65E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  O 19     1.07E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  F 20     1.54E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NE 23     6.14E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 24     1.51E+01 4.99E+00 1.64E+00 2.31E-04 5.37E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 24M    3.42E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 25     3.71E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 27     7.16E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 28     2.03E-07 9.14E-08 4.13E-08 7.11E-11 8.75E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 AL 28     1.71E+03 9.16E-08 4.13E-08 7.12E-11 8.77E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 29     3.50E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 30     3.38E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 31     3.84E-01 6.74E-04 1.18E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 32     1.09E-10 1.09E-10 1.09E-10 1.09E-10 1.09E-10 1.09E-10 1.09E-10 1.09E-10 1.09E-10 
  P 32     2.86E-01 2.72E-01 2.59E-01 1.76E-01 6.67E-02 3.64E-03 5.24E-04 4.64E-05 7.65E-09 
  P 33     1.33E-05 1.29E-05 1.26E-05 1.01E-05 5.79E-06 1.10E-06 3.62E-07 9.04E-08 6.15E-10 
  P 34     8.31E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  S 35     5.59E-03 5.54E-03 5.50E-03 5.16E-03 4.41E-03 2.75E-03 2.01E-03 1.35E-03 3.28E-04 
  S 37     2.40E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 36     1.68E-10 1.68E-10 1.68E-10 1.68E-10 1.68E-10 1.68E-10 1.68E-10 1.68E-10 1.68E-10 
 CL 38     1.52E-08 3.42E-20 6.85E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 38M    1.81E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 37     2.43E-13 2.38E-13 2.33E-13 1.99E-13 1.34E-13 4.09E-14 1.85E-14 6.88E-15 1.95E-16 
 AR 39     2.85E-15 2.85E-15 2.85E-15 2.85E-15 2.85E-15 2.85E-15 2.85E-15 2.85E-15 2.84E-15 
 AR 41     2.47E-09 2.74E-13 3.04E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 42     5.11E-18 5.11E-18 5.11E-18 5.10E-18 5.10E-18 5.08E-18 5.07E-18 5.05E-18 5.00E-18 
  K 42     2.52E-11 6.57E-12 1.71E-12 4.12E-17 5.10E-18 5.08E-18 5.07E-18 5.05E-18 5.00E-18 
  K 43     3.13E-08 1.50E-08 7.18E-09 1.99E-11 8.03E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  K 44     5.56E-09 1.10E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CA 45     1.38E-04 1.38E-04 1.37E-04 1.33E-04 1.22E-04 9.44E-05 7.96E-05 6.43E-05 2.99E-05 
 CA 47     2.47E-06 2.12E-06 1.82E-06 5.37E-07 2.53E-08 2.63E-12 5.84E-15 2.81E-18 3.17E-30 
 SC 46     2.40E-02 2.38E-02 2.36E-02 2.21E-02 1.87E-02 1.14E-02 8.18E-03 5.41E-03 1.22E-03 
 SC 46M    1.73E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 47     6.22E-02 5.06E-02 4.11E-02 7.86E-03 1.26E-04 5.21E-10 1.55E-13 1.50E-17 1.21E-29 
 SC 48     5.87E-03 4.02E-03 2.75E-03 1.32E-04 6.62E-08 8.42E-18 2.13E-24 2.28E-32 0.00E+00 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 60 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

ACTIVATION PRODUCTS 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 SC 49     5.38E-03 1.55E-10 4.50E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 50     9.96E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TI 51     1.31E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 50     1.63E-16 1.63E-16 1.63E-16 1.63E-16 1.63E-16 1.63E-16 1.63E-16 1.63E-16 1.63E-16 
  V 52     4.80E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 53     1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 54     1.35E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CR 51     2.28E+03 2.23E+03 2.17E+03 1.78E+03 1.08E+03 2.40E+02 8.83E+01 2.53E+01 2.80E-01 
 CR 55     3.70E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 54     3.17E+01 3.16E+01 3.15E+01 3.10E+01 2.96E+01 2.59E+01 2.37E+01 2.12E+01 1.42E+01 
 MN 56     8.69E+02 1.37E+00 2.16E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 57     2.92E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 58     8.78E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 FE 55     1.42E+02 1.42E+02 1.42E+02 1.41E+02 1.39E+02 1.33E+02 1.29E+02 1.24E+02 1.09E+02 
 FE 59     2.63E+01 2.59E+01 2.55E+01 2.25E+01 1.66E+01 6.57E+00 3.55E+00 1.64E+00 1.03E-01 
 CO 58     2.10E+02 2.08E+02 2.06E+02 1.91E+02 1.57E+02 8.70E+01 5.88E+01 3.60E+01 6.18E+00 
 CO 60     1.16E+02 1.16E+02 1.16E+02 1.16E+02 1.15E+02 1.12E+02 1.11E+02 1.09E+02 1.02E+02 
 CO 60M    9.98E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 61     7.35E+00 3.08E-04 1.29E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 62     6.49E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 59     7.31E-02 7.31E-02 7.31E-02 7.31E-02 7.31E-02 7.31E-02 7.31E-02 7.31E-02 7.31E-02 
 NI 63     9.62E+00 9.62E+00 9.62E+00 9.62E+00 9.61E+00 9.60E+00 9.59E+00 9.58E+00 9.55E+00 
 NI 65     7.57E+01 1.03E-01 1.39E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 66     2.08E-03 1.53E-03 1.13E-03 9.89E-05 2.23E-07 2.58E-15 1.32E-20 3.20E-27 0.00E+00 
 CU 64     9.39E+01 2.53E+01 6.84E+00 1.92E-04 8.06E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CU 66     2.06E+01 1.54E-03 1.13E-03 9.90E-05 2.24E-07 2.58E-15 1.32E-20 3.20E-27 0.00E+00 
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ACTIVATION PRODUCTS 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 CU 67     1.06E-04 8.09E-05 6.18E-05 7.19E-06 3.32E-08 3.26E-15 6.95E-20 1.01E-25 0.00E+00 
 ZN 65     1.01E-02 1.01E-02 1.01E-02 9.84E-03 9.29E-03 7.84E-03 7.00E-03 6.07E-03 3.64E-03 
 ZN 69     1.67E-07 3.59E-09 1.07E-09 6.77E-14 2.14E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZN 69M    1.12E-08 3.35E-09 9.99E-10 6.30E-14 1.99E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 70     3.17E-10 9.13E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 72     5.56E-16 1.80E-16 4.35E-17 3.47E-21 2.05E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GE 71     2.08E-13 1.96E-13 1.85E-13 1.16E-13 3.57E-14 1.05E-15 1.01E-16 5.62E-18 1.44E-22 
 GE 71M    2.56E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SR 89     1.34E-07 1.32E-07 1.31E-07 1.17E-07 8.88E-08 3.90E-08 2.25E-08 1.13E-08 9.58E-10 
 SR 90     1.64E-10 1.64E-10 1.64E-10 1.64E-10 1.64E-10 1.63E-10 1.63E-10 1.62E-10 1.60E-10 
 SR 91     4.06E-09 7.05E-10 1.22E-10 1.01E-16 6.85E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SR 93     6.93E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 89M    2.34E-03 1.89E-03 1.53E-03 2.80E-04 4.03E-06 1.20E-11 2.49E-15 6.17E-20 0.00E+00 
  Y 90     1.06E-02 8.17E-03 6.30E-03 7.88E-04 4.35E-06 1.64E-10 1.63E-10 1.62E-10 1.61E-10 
  Y 90M    3.33E-09 1.56E-11 7.27E-14 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 91     9.48E-07 9.37E-07 9.26E-07 8.42E-07 6.64E-07 3.26E-07 2.03E-07 1.12E-07 1.33E-08 
  Y 92     5.16E-07 4.69E-09 4.26E-11 1.98E-27 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 93     6.93E-15 1.34E-15 2.66E-16 5.04E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 94     2.89E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 96     9.22E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZR 89     2.34E-03 1.89E-03 1.53E-03 2.81E-04 4.04E-06 1.20E-11 2.49E-15 6.18E-20 0.00E+00 
 ZR 93     2.80E-08 2.80E-08 2.80E-08 2.80E-08 2.80E-08 2.80E-08 2.80E-08 2.80E-08 2.80E-08 
 ZR 95     5.41E-03 5.35E-03 5.29E-03 4.85E-03 3.91E-03 2.04E-03 1.32E-03 7.69E-04 1.09E-04 
 ZR 97     1.85E-04 6.90E-05 2.58E-05 9.81E-09 2.77E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 92     4.59E-01 4.29E-01 4.00E-01 2.32E-01 5.93E-02 9.89E-04 6.46E-05 2.13E-06 9.89E-12 
 NB 93M    6.34E-10 6.38E-10 6.41E-10 6.70E-10 7.43E-10 9.58E-10 1.10E-09 1.28E-09 1.91E-09 
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ACTIVATION PRODUCTS 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 NB 94     3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 
 NB 95     9.48E+00 9.30E+00 9.12E+00 7.79E+00 5.25E+00 1.61E+00 7.33E-01 2.74E-01 8.07E-03 
 NB 95M    3.85E-05 3.83E-05 3.81E-05 3.57E-05 2.90E-05 1.51E-05 9.81E-06 5.71E-06 8.12E-07 
 NB 96     5.01E-02 2.46E-02 1.21E-02 4.03E-05 2.62E-11 7.12E-30 0.00E+00 0.00E+00 0.00E+00 
 NB 97     6.57E-03 6.94E-05 2.59E-05 1.06E-08 2.98E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 97M    1.75E-04 6.54E-05 2.44E-05 9.29E-09 2.62E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 98     9.78E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB100     4.85E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93M    1.35E-01 1.19E-02 1.05E-03 3.84E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93     4.07E-04 4.07E-04 4.07E-04 4.07E-04 4.07E-04 4.07E-04 4.07E-04 4.07E-04 4.07E-04 
 MO 99     9.46E+01 7.35E+01 5.72E+01 7.61E+00 4.92E-02 1.33E-08 5.57E-13 1.87E-18 0.00E+00 
 MO101     2.35E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC 99     1.73E-05 1.74E-05 1.75E-05 1.77E-05 1.77E-05 1.77E-05 1.77E-05 1.77E-05 1.77E-05 
 TC100     1.44E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC101     2.35E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU103     1.01E-03 9.93E-04 9.76E-04 8.47E-04 5.95E-04 2.07E-04 1.02E-04 4.22E-05 1.76E-06 
 RU105     1.20E-08 2.82E-10 6.65E-12 6.34E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU106     4.89E-15 4.88E-15 4.87E-15 4.80E-15 4.62E-15 4.13E-15 3.83E-15 3.48E-15 2.48E-15 
 RH104     1.61E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH104M    1.16E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH105     9.53E-09 6.98E-09 4.39E-09 1.02E-10 8.35E-15 4.60E-27 0.00E+00 0.00E+00 0.00E+00 
 RH105M    3.35E-09 7.93E-11 1.87E-12 1.78E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH106     1.67E-09 4.88E-15 4.87E-15 4.80E-15 4.62E-15 4.13E-15 3.83E-15 3.48E-15 2.48E-15 
 RH106M    8.12E-10 4.22E-13 2.20E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD107M    6.01E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD109     2.48E-16 7.68E-17 1.64E-17 8.33E-22 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 

 AG109M    2.47E-16 7.69E-17 2.23E-17 8.33E-22 2.28E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA180     2.27E-14 2.27E-14 2.27E-14 2.27E-14 2.27E-14 2.27E-14 2.27E-14 2.27E-14 2.27E-14 
 TA182     5.29E+02 5.25E+02 5.22E+02 4.98E+02 4.41E+02 3.07E+02 2.41E+02 1.79E+02 6.04E+01 
 TA182M    2.60E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA183     4.98E+03 4.34E+03 3.79E+03 1.28E+03 8.44E+01 2.43E-02 1.06E-04 1.18E-07 2.79E-18 
  W181     3.01E-15 3.00E-15 2.98E-15 2.85E-15 2.54E-15 1.80E-15 1.43E-15 1.08E-15 3.84E-16 
  W183M    5.90E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W185     7.91E-01 7.84E-01 7.77E-01 7.22E-01 6.00E-01 3.45E-01 2.38E-01 1.50E-01 2.85E-02 
  W185M    2.48E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W187     4.90E-04 2.44E-04 1.22E-04 4.65E-07 4.18E-13 2.97E-31 0.00E+00 0.00E+00 0.00E+00 
  W188     1.10E-06 1.09E-06 1.08E-06 9.96E-07 8.16E-07 4.48E-07 3.00E-07 1.82E-07 3.02E-08 
 RE186     1.52E-01 1.26E-01 1.05E-01 2.42E-02 6.16E-04 1.02E-08 6.59E-12 6.82E-16 3.06E-30 
 RE187     6.34E-16 6.47E-16 6.54E-16 6.60E-16 6.60E-16 6.60E-16 6.60E-16 6.60E-16 6.60E-16 
 RE188     1.92E-05 8.02E-06 3.69E-06 1.01E-06 8.24E-07 4.53E-07 3.04E-07 1.84E-07 3.05E-08 
 RE188M    1.77E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RE189     2.92E-10 1.48E-10 7.44E-11 3.11E-13 3.52E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 OS190M    7.20E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 OS191     9.59E-12 9.52E-12 9.20E-12 6.45E-12 2.62E-12 1.76E-13 2.91E-14 3.07E-15 9.33E-19 
 OS191M    1.42E-11 3.96E-12 1.10E-12 3.94E-17 3.02E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR192     2.31E-13 2.29E-13 2.26E-13 2.10E-13 1.74E-13 9.93E-14 6.83E-14 4.27E-14 7.92E-15 
 IR194     9.80E-15 4.11E-15 1.72E-15 1.65E-18 4.70E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR194M    5.17E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PT193M    1.39E-16 1.17E-16 9.79E-17 2.94E-17 4.13E-19 2.60E-23 2.60E-23 8.22E-27 0.00E+00 
 SUMTOT    1.24E+04 7.75E+03 7.09E+03 4.08E+03 2.08E+03 9.24E+02 6.66E+02 5.06E+02 3.02E+02 
0TOTAL     1.24E+04 7.75E+03 7.09E+03 4.08E+03 2.08E+03 9.24E+02 6.66E+02 5.06E+02 3.02E+02 
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Table 22. Source Terms for 'A6 300C 3 DPA' Capsule. 
ACTIVATION PRODUCTS (grams) 

ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  H  1     1.12E-03 1.12E-03 1.12E-03 1.12E-03 1.12E-03 1.12E-03 1.12E-03 1.12E-03 1.12E-03 
  H  2     6.17E-07 6.17E-07 6.17E-07 6.17E-07 6.17E-07 6.17E-07 6.17E-07 6.17E-07 6.17E-07 
  H  3     9.03E-09 9.03E-09 9.03E-09 9.02E-09 8.99E-09 8.91E-09 8.86E-09 8.79E-09 8.55E-09 
 HE  3     3.32E-11 3.46E-11 3.60E-11 4.71E-11 7.47E-11 1.57E-10 2.12E-10 2.80E-10 5.19E-10 
 HE  4     1.14E-02 1.14E-02 1.14E-02 1.14E-02 1.14E-02 1.14E-02 1.14E-02 1.14E-02 1.14E-02 
 HE  6     8.85E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LI  6     2.55E-10 2.55E-10 2.55E-10 2.55E-10 2.55E-10 2.55E-10 2.55E-10 2.55E-10 2.55E-10 
 LI  7     1.40E-14 1.40E-14 1.40E-14 1.40E-14 1.40E-14 1.40E-14 1.40E-14 1.40E-14 1.40E-14 
 BE  9     2.92E-06 2.92E-06 2.92E-06 2.92E-06 2.92E-06 2.92E-06 2.92E-06 2.92E-06 2.92E-06 
 BE 10     7.47E-08 7.47E-08 7.47E-08 7.47E-08 7.47E-08 7.47E-08 7.47E-08 7.47E-08 7.47E-08 
  B 10     2.41E-15 2.50E-15 2.59E-15 3.29E-15 5.07E-15 1.04E-14 1.39E-14 1.84E-14 3.43E-14 
  B 11     6.01E-14 6.01E-14 6.01E-14 6.01E-14 6.01E-14 6.01E-14 6.01E-14 6.01E-14 6.01E-14 
  C 12     6.30E-01 6.30E-01 6.30E-01 6.30E-01 6.30E-01 6.30E-01 6.30E-01 6.30E-01 6.30E-01 
  C 13     7.67E-03 7.67E-03 7.67E-03 7.67E-03 7.67E-03 7.67E-03 7.67E-03 7.67E-03 7.67E-03 
  C 14     1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 
  N 14     7.90E-13 7.95E-13 8.00E-13 8.36E-13 9.27E-13 1.20E-12 1.38E-12 1.61E-12 2.43E-12 
  N 15     7.75E-15 7.75E-15 7.75E-15 7.75E-15 7.75E-15 7.75E-15 7.75E-15 7.75E-15 7.75E-15 
  O 17     4.05E-17 4.05E-17 4.05E-17 4.05E-17 4.05E-17 4.05E-17 4.05E-17 4.05E-17 4.05E-17 
  O 18     3.80E-09 3.80E-09 3.80E-09 3.80E-09 3.80E-09 3.80E-09 3.80E-09 3.80E-09 3.80E-09 
  F 19     6.97E-16 6.97E-16 6.97E-16 6.97E-16 6.97E-16 6.97E-16 6.97E-16 6.97E-16 6.97E-16 
 NE 20     1.47E-12 1.47E-12 1.47E-12 1.47E-12 1.47E-12 1.47E-12 1.47E-12 1.47E-12 1.47E-12 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 NE 21     4.04E-06 4.04E-06 4.04E-06 4.04E-06 4.04E-06 4.04E-06 4.04E-06 4.04E-06 4.04E-06 
 NE 22     6.07E-06 6.07E-06 6.07E-06 6.07E-06 6.07E-06 6.07E-06 6.07E-06 6.07E-06 6.07E-06 
 NE 23     4.26E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 23     1.23E-06 1.23E-06 1.23E-06 1.23E-06 1.23E-06 1.23E-06 1.23E-06 1.23E-06 1.23E-06 
 NA 24     1.59E-06 5.24E-07 1.73E-07 2.42E-11 5.64E-21 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 25     4.47E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 24     6.32E-01 6.32E-01 6.32E-01 6.32E-01 6.32E-01 6.32E-01 6.32E-01 6.32E-01 6.32E-01 
 MG 25     8.34E-02 8.34E-02 8.34E-02 8.34E-02 8.34E-02 8.34E-02 8.34E-02 8.34E-02 8.34E-02 
 MG 26     9.55E-02 9.55E-02 9.55E-02 9.55E-02 9.55E-02 9.55E-02 9.55E-02 9.55E-02 9.55E-02 
 MG 27     8.89E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 28     3.76E-14 1.70E-14 7.65E-15 1.32E-17 1.62E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 27     1.12E+02 1.12E+02 1.12E+02 1.12E+02 1.12E+02 1.12E+02 1.12E+02 1.12E+02 1.12E+02 
 AL 28     5.22E-07 3.03E-17 1.37E-17 2.36E-20 2.90E-27 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 29     3.24E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 30     3.05E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 28     1.33E+00 1.33E+00 1.33E+00 1.33E+00 1.33E+00 1.33E+00 1.33E+00 1.33E+00 1.33E+00 
 SI 29     6.80E-02 6.80E-02 6.80E-02 6.80E-02 6.80E-02 6.80E-02 6.80E-02 6.80E-02 6.80E-02 
 SI 30     4.65E-02 4.65E-02 4.65E-02 4.65E-02 4.65E-02 4.65E-02 4.65E-02 4.65E-02 4.65E-02 
 SI 31     8.78E-09 1.54E-11 2.69E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 32     6.10E-12 6.10E-12 6.10E-12 6.10E-12 6.10E-12 6.09E-12 6.09E-12 6.09E-12 6.09E-12 
  P 31     9.49E-03 9.49E-03 9.49E-03 9.49E-03 9.49E-03 9.49E-03 9.49E-03 9.49E-03 9.49E-03 
  P 32     8.45E-07 8.05E-07 7.67E-07 5.21E-07 1.98E-07 1.08E-08 1.55E-09 1.37E-10 2.27E-14 
  P 33     7.94E-11 7.72E-11 7.51E-11 6.02E-11 3.46E-11 6.55E-12 2.16E-12 5.40E-13 3.67E-15 
  P 34     2.92E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  S 32     1.76E-02 1.76E-02 1.76E-02 1.76E-02 1.76E-02 1.76E-02 1.76E-02 1.76E-02 1.76E-02 
  S 33     1.57E-04 1.57E-04 1.57E-04 1.57E-04 1.57E-04 1.57E-04 1.57E-04 1.57E-04 1.57E-04 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  S 34     8.29E-04 8.29E-04 8.29E-04 8.29E-04 8.29E-04 8.29E-04 8.29E-04 8.29E-04 8.29E-04 
  S 35     1.24E-07 1.23E-07 1.22E-07 1.15E-07 9.78E-08 6.10E-08 4.45E-08 3.00E-08 7.27E-09 
  S 36     3.54E-06 3.54E-06 3.54E-06 3.54E-06 3.54E-06 3.54E-06 3.54E-06 3.54E-06 3.54E-06 
  S 37     2.25E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 35     1.70E-07 1.71E-07 1.72E-07 1.80E-07 1.96E-07 2.33E-07 2.50E-07 2.64E-07 2.87E-07 
 CL 36     5.20E-09 5.20E-09 5.20E-09 5.20E-09 5.20E-09 5.20E-09 5.20E-09 5.20E-09 5.20E-09 
 CL 37     8.22E-10 8.22E-10 8.22E-10 8.22E-10 8.22E-10 8.22E-10 8.22E-10 8.22E-10 8.22E-10 
 CL 38     1.17E-16 2.64E-28 5.94E-40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 36     2.36E-15 2.39E-15 2.43E-15 2.68E-15 3.33E-15 5.26E-15 6.54E-15 8.15E-15 1.39E-14 
 AR 38     2.79E-13 2.79E-13 2.79E-13 2.79E-13 2.79E-13 2.79E-13 2.79E-13 2.79E-13 2.79E-13 
 AR 39     9.14E-17 9.14E-17 9.14E-17 9.14E-17 9.14E-17 9.14E-17 9.13E-17 9.13E-17 9.12E-17 
 AR 40     1.83E-12 1.83E-12 1.83E-12 1.83E-12 1.83E-12 1.83E-12 1.83E-12 1.83E-12 1.83E-12 
 AR 41     7.27E-17 8.08E-21 8.97E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  K 41     5.93E-14 5.94E-14 5.94E-14 5.94E-14 5.94E-14 5.94E-14 5.94E-14 5.94E-14 5.94E-14 
  K 43     1.20E-14 5.72E-15 2.74E-15 7.60E-18 3.07E-24 1.81E-43 0.00E+00 0.00E+00 0.00E+00 
  K 44     3.52E-17 6.97E-37 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CA 42     5.74E-16 5.78E-16 5.79E-16 5.79E-16 5.79E-16 5.79E-16 5.79E-16 5.79E-16 5.79E-16 
 CA 43     9.59E-08 9.59E-08 9.59E-08 9.59E-08 9.59E-08 9.59E-08 9.59E-08 9.59E-08 9.59E-08 
 CA 44     7.40E-07 7.40E-07 7.40E-07 7.40E-07 7.40E-07 7.40E-07 7.40E-07 7.40E-07 7.40E-07 
 CA 45     8.84E-09 8.80E-09 8.76E-09 8.47E-09 7.78E-09 6.03E-09 5.08E-09 4.11E-09 1.91E-09 
 CA 46     8.88E-08 8.88E-08 8.88E-08 8.88E-08 8.88E-08 8.88E-08 8.88E-08 8.88E-08 8.88E-08 
 CA 47     4.86E-12 4.17E-12 3.58E-12 1.06E-12 4.97E-14 5.18E-18 1.15E-20 5.51E-24 6.24E-36 
 SC 45     6.59E-09 6.63E-09 6.66E-09 6.96E-09 7.65E-09 9.40E-09 1.03E-08 1.13E-08 1.35E-08 
 SC 46     8.02E-07 7.96E-07 7.89E-07 7.39E-07 6.26E-07 3.81E-07 2.74E-07 1.81E-07 4.08E-08 
 SC 46M    1.62E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 47     8.50E-08 6.91E-08 5.62E-08 1.08E-08 1.72E-10 7.13E-16 2.14E-19 2.14E-23 1.77E-35 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 SC 48     4.43E-09 3.03E-09 2.07E-09 9.94E-11 5.00E-14 6.36E-24 1.61E-30 9.12E-39 0.00E+00 
 SC 49     9.23E-11 2.67E-18 7.72E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 50     5.13E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TI 46     3.20E-02 3.20E-02 3.20E-02 3.20E-02 3.20E-02 3.20E-02 3.20E-02 3.20E-02 3.20E-02 
 TI 47     2.95E-02 2.95E-02 2.95E-02 2.95E-02 2.95E-02 2.95E-02 2.95E-02 2.95E-02 2.95E-02 
 TI 48     2.95E-01 2.95E-01 2.95E-01 2.95E-01 2.95E-01 2.95E-01 2.95E-01 2.95E-01 2.95E-01 
 TI 49     2.58E-02 2.58E-02 2.58E-02 2.58E-02 2.58E-02 2.58E-02 2.58E-02 2.58E-02 2.58E-02 
 TI 50     2.22E-02 2.22E-02 2.22E-02 2.22E-02 2.22E-02 2.22E-02 2.22E-02 2.22E-02 2.22E-02 
 TI 51     2.26E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 50     6.24E-04 6.24E-04 6.24E-04 6.24E-04 6.24E-04 6.24E-04 6.24E-04 6.24E-04 6.24E-04 
  V 51     1.04E-01 1.04E-01 1.05E-01 1.09E-01 1.16E-01 1.25E-01 1.27E-01 1.28E-01 1.28E-01 
  V 52     3.30E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 53     5.53E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 54     3.50E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CR 50     5.30E+00 5.30E+00 5.30E+00 5.30E+00 5.30E+00 5.30E+00 5.30E+00 5.30E+00 5.30E+00 
 CR 51     2.41E-02 2.35E-02 2.29E-02 1.88E-02 1.14E-02 2.54E-03 9.33E-04 2.67E-04 2.96E-06 
 CR 52     1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 
 CR 53     1.28E+01 1.28E+01 1.28E+01 1.28E+01 1.28E+01 1.28E+01 1.28E+01 1.28E+01 1.28E+01 
 CR 54     3.52E+00 3.52E+00 3.52E+00 3.52E+00 3.52E+00 3.52E+00 3.52E+00 3.52E+00 3.52E+00 
 CR 55     3.79E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 54     3.27E-03 3.26E-03 3.25E-03 3.20E-03 3.06E-03 2.68E-03 2.45E-03 2.19E-03 1.47E-03 
 MN 55     1.35E+00 1.35E+00 1.35E+00 1.35E+00 1.35E+00 1.36E+00 1.36E+00 1.36E+00 1.36E+00 
 MN 56     3.54E-05 5.60E-08 8.84E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 57     1.15E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 58     2.37E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 FE 54     1.43E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 68 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 FE 55     4.60E-02 4.59E-02 4.59E-02 4.56E-02 4.50E-02 4.31E-02 4.18E-02 4.03E-02 3.54E-02 
 FE 56     2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 
 FE 57     6.60E+00 6.60E+00 6.60E+00 6.60E+00 6.60E+00 6.60E+00 6.60E+00 6.60E+00 6.60E+00 
 FE 58     8.06E-01 8.06E-01 8.06E-01 8.07E-01 8.08E-01 8.10E-01 8.11E-01 8.12E-01 8.13E-01 
 FE 59     4.30E-04 4.24E-04 4.17E-04 3.69E-04 2.71E-04 1.08E-04 5.81E-05 2.69E-05 1.68E-06 
 CO 58     6.64E-03 6.57E-03 6.51E-03 6.02E-03 4.95E-03 2.75E-03 1.86E-03 1.14E-03 1.95E-04 
 CO 59     1.53E+00 1.53E+00 1.53E+00 1.53E+00 1.53E+00 1.53E+00 1.53E+00 1.53E+00 1.53E+00 
 CO 60     1.16E-01 1.16E-01 1.16E-01 1.15E-01 1.15E-01 1.12E-01 1.11E-01 1.09E-01 1.02E-01 
 CO 60M    3.76E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 61     2.88E-07 1.21E-11 5.04E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 62     3.39E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 58     1.42E+02 1.42E+02 1.42E+02 1.42E+02 1.42E+02 1.42E+02 1.42E+02 1.42E+02 1.42E+02 
 NI 59     1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 
 NI 60     5.63E+01 5.63E+01 5.63E+01 5.63E+01 5.63E+01 5.63E+01 5.63E+01 5.63E+01 5.63E+01 
 NI 61     2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 
 NI 62     7.86E+00 7.86E+00 7.86E+00 7.86E+00 7.86E+00 7.86E+00 7.86E+00 7.86E+00 7.86E+00 
 NI 63     1.65E-01 1.65E-01 1.65E-01 1.65E-01 1.65E-01 1.65E-01 1.65E-01 1.65E-01 1.64E-01 
 NI 64     2.10E+00 2.10E+00 2.10E+00 2.10E+00 2.10E+00 2.10E+00 2.10E+00 2.10E+00 2.10E+00 
 NI 65     4.20E-06 5.70E-09 7.74E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 66     2.76E-09 2.04E-09 1.50E-09 1.31E-10 2.97E-13 3.43E-21 1.75E-26 4.25E-33 0.00E+00 
 CU 63     7.26E-01 7.26E-01 7.26E-01 7.26E-01 7.26E-01 7.26E-01 7.26E-01 7.27E-01 7.27E-01 
 CU 64     2.41E-05 6.49E-06 1.75E-06 4.92E-11 2.06E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CU 65     3.39E-01 3.39E-01 3.39E-01 3.39E-01 3.39E-01 3.39E-01 3.39E-01 3.39E-01 3.39E-01 
 CU 66     3.64E-08 3.17E-12 2.34E-12 2.05E-13 4.63E-16 5.34E-24 2.73E-29 6.63E-36 0.00E+00 
 CU 67     1.50E-10 1.15E-10 8.79E-11 1.02E-11 4.72E-14 4.64E-21 9.88E-26 1.43E-31 0.00E+00 
 ZN 64     2.11E-03 2.12E-03 2.12E-03 2.12E-03 2.12E-03 2.12E-03 2.12E-03 2.12E-03 2.12E-03 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 69 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 ZN 65     1.32E-06 1.32E-06 1.31E-06 1.28E-06 1.21E-06 1.02E-06 9.11E-07 7.90E-07 4.74E-07 
 ZN 66     1.28E-03 1.28E-03 1.28E-03 1.28E-03 1.28E-03 1.28E-03 1.28E-03 1.28E-03 1.28E-03 
 ZN 67     9.11E-07 9.11E-07 9.11E-07 9.11E-07 9.11E-07 9.11E-07 9.11E-07 9.11E-07 9.11E-07 
 ZN 68     5.16E-09 5.16E-09 5.16E-09 5.16E-09 5.16E-09 5.16E-09 5.16E-09 5.16E-09 5.16E-09 
 ZN 69     4.42E-15 9.52E-17 2.84E-17 1.79E-21 5.67E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZN 69M    4.30E-15 1.28E-15 3.84E-16 2.42E-20 7.65E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 69     3.49E-12 3.50E-12 3.50E-12 3.50E-12 3.50E-12 3.50E-12 3.50E-12 3.50E-12 3.50E-12 
 GE 70     5.87E-15 5.87E-15 5.87E-15 5.87E-15 5.87E-15 5.87E-15 5.87E-15 5.87E-15 5.87E-15 
 SR 87     8.38E-15 8.38E-15 8.38E-15 8.38E-15 8.38E-15 8.38E-15 8.38E-15 8.38E-15 8.38E-15 
 SR 88     1.04E-11 1.04E-11 1.04E-11 1.04E-11 1.04E-11 1.04E-11 1.04E-11 1.04E-11 1.04E-11 
 SR 89     5.42E-12 5.34E-12 5.27E-12 4.72E-12 3.59E-12 1.58E-12 9.09E-13 4.58E-13 3.87E-14 
 SR 90     1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.45E-12 1.45E-12 1.44E-12 1.44E-12 1.42E-12 
 SR 91     1.32E-15 2.29E-16 3.98E-17 3.28E-23 2.02E-38 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 89     2.10E-07 2.11E-07 2.11E-07 2.14E-07 2.15E-07 2.15E-07 2.15E-07 2.15E-07 2.15E-07 
  Y 89M    3.20E-13 2.59E-13 2.09E-13 3.84E-14 5.52E-16 1.64E-21 3.40E-25 8.45E-30 0.00E+00 
  Y 90     2.18E-08 1.68E-08 1.30E-08 1.62E-09 8.97E-12 3.65E-16 3.62E-16 3.61E-16 3.57E-16 
  Y 90M    3.48E-16 1.63E-18 7.60E-21 1.72E-39 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 91     4.70E-11 4.65E-11 4.59E-11 4.18E-11 3.30E-11 1.62E-11 1.01E-11 5.57E-12 6.61E-13 
  Y 92     6.29E-14 5.72E-16 5.20E-18 2.42E-34 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 94     3.25E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZR 89     5.63E-09 4.56E-09 3.69E-09 6.76E-10 9.72E-12 2.90E-17 5.99E-21 1.49E-25 3.99E-42 
 ZR 90     1.01E-06 1.01E-06 1.01E-06 1.03E-06 1.03E-06 1.03E-06 1.03E-06 1.03E-06 1.03E-06 
 ZR 91     2.93E-06 2.93E-06 2.93E-06 2.93E-06 2.93E-06 2.93E-06 2.93E-06 2.93E-06 2.93E-06 
 ZR 92     6.82E-05 6.84E-05 6.87E-05 7.00E-05 7.13E-05 7.18E-05 7.18E-05 7.18E-05 7.18E-05 
 ZR 93     1.24E-05 1.24E-05 1.24E-05 1.24E-05 1.24E-05 1.24E-05 1.24E-05 1.24E-05 1.24E-05 
 ZR 94     6.28E-06 6.28E-06 6.28E-06 6.28E-06 6.28E-06 6.28E-06 6.28E-06 6.28E-06 6.28E-06 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 ZR 95     2.72E-07 2.69E-07 2.66E-07 2.44E-07 1.97E-07 1.03E-07 6.65E-08 3.87E-08 5.51E-09 
 ZR 96     5.55E-10 5.55E-10 5.55E-10 5.55E-10 5.55E-10 5.55E-10 5.55E-10 5.55E-10 5.55E-10 
 ZR 97     1.05E-10 3.90E-11 1.46E-11 5.55E-15 1.56E-23 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 92     3.55E-06 3.32E-06 3.10E-06 1.80E-06 4.59E-07 7.65E-09 5.00E-10 1.65E-11 7.66E-17 
 NB 93     3.59E+00 3.59E+00 3.59E+00 3.59E+00 3.59E+00 3.59E+00 3.59E+00 3.59E+00 3.59E+00 
 NB 93M    2.50E-12 2.51E-12 2.53E-12 2.64E-12 2.93E-12 3.78E-12 4.34E-12 5.04E-12 7.52E-12 
 NB 94     2.29E-02 2.29E-02 2.29E-02 2.29E-02 2.29E-02 2.29E-02 2.29E-02 2.29E-02 2.29E-02 
 NB 95     2.95E-04 2.89E-04 2.83E-04 2.42E-04 1.63E-04 5.00E-05 2.28E-05 8.51E-06 2.50E-07 
 NB 95M    1.09E-10 1.09E-10 1.08E-10 1.02E-10 8.22E-11 4.29E-11 2.79E-11 1.62E-11 2.30E-12 
 NB 96     4.45E-08 2.18E-08 1.07E-08 3.58E-11 2.32E-17 6.33E-36 0.00E+00 0.00E+00 0.00E+00 
 NB 97     2.64E-10 2.79E-12 1.04E-12 4.25E-16 1.20E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 97M    9.75E-14 3.65E-14 1.36E-14 5.18E-18 1.46E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 98     2.57E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB100     1.12E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 92     1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 
 MO 93M    2.97E-08 2.62E-09 2.31E-10 8.43E-19 6.79E-40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93     4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 
 MO 94     9.42E-01 9.42E-01 9.42E-01 9.42E-01 9.42E-01 9.42E-01 9.42E-01 9.42E-01 9.42E-01 
 MO 95     1.52E+00 1.52E+00 1.52E+00 1.52E+00 1.52E+00 1.52E+00 1.52E+00 1.52E+00 1.52E+00 
 MO 96     1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 
 MO 97     1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 
 MO 98     2.55E+00 2.55E+00 2.55E+00 2.55E+00 2.55E+00 2.55E+00 2.55E+00 2.55E+00 2.55E+00 
 MO 99     2.13E-04 1.66E-04 1.29E-04 1.72E-05 1.11E-07 3.00E-14 1.26E-18 4.22E-24 1.39E-43 
 MO100     1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00 
 MO101     2.00E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC 99     1.10E-03 1.10E-03 1.11E-03 1.12E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 TC100     2.36E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC101     1.94E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU 99     1.72E-09 1.73E-09 1.74E-09 1.82E-09 2.02E-09 2.62E-09 3.03E-09 3.53E-09 5.33E-09 
 RU100     8.22E-05 8.22E-05 8.22E-05 8.22E-05 8.22E-05 8.22E-05 8.22E-05 8.22E-05 8.22E-05 
 RU101     2.40E-03 2.40E-03 2.40E-03 2.40E-03 2.40E-03 2.40E-03 2.40E-03 2.40E-03 2.40E-03 
 RU102     5.73E-05 5.73E-05 5.73E-05 5.73E-05 5.73E-05 5.73E-05 5.73E-05 5.73E-05 5.73E-05 
 RU103     3.99E-08 3.92E-08 3.85E-08 3.35E-08 2.35E-08 8.15E-09 4.03E-09 1.67E-09 6.96E-11 
 RU104     4.31E-10 4.31E-10 4.31E-10 4.31E-10 4.31E-10 4.31E-10 4.31E-10 4.31E-10 4.31E-10 
 RU105     2.68E-15 6.31E-17 1.49E-18 1.42E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH103     3.44E-09 3.51E-09 3.58E-09 4.08E-09 5.07E-09 6.60E-09 7.01E-09 7.24E-09 7.40E-09 
 RH104     8.58E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH104M    3.82E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH105     1.67E-14 1.23E-14 7.70E-15 1.79E-16 1.47E-20 8.08E-33 5.43E-41 0.00E+00 0.00E+00 
 RH106M    9.70E-17 5.05E-20 2.62E-23 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD104     5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 
 PD105     1.44E-12 1.45E-12 1.45E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 
 PD106     9.50E-14 9.51E-14 9.51E-14 9.51E-14 9.51E-14 9.51E-14 9.51E-14 9.51E-14 9.51E-14 
 PD107     7.16E-17 7.16E-17 7.16E-17 7.16E-17 7.16E-17 7.16E-17 7.16E-17 7.16E-17 7.16E-17 
 TM172     6.70E-15 5.15E-15 3.97E-15 4.90E-16 2.62E-18 4.00E-25 1.14E-29 2.39E-35 0.00E+00 
 TM173     7.78E-16 1.03E-16 1.37E-17 1.33E-24 3.88E-42 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 YB172     1.67E-13 1.69E-13 1.70E-13 1.73E-13 1.74E-13 1.74E-13 1.74E-13 1.74E-13 1.74E-13 
 YB173     1.09E-13 1.10E-13 1.10E-13 1.10E-13 1.10E-13 1.10E-13 1.10E-13 1.10E-13 1.10E-13 
 YB174     5.01E-15 5.01E-15 5.01E-15 5.01E-15 5.01E-15 5.01E-15 5.01E-15 5.01E-15 5.01E-15 
 YB175     1.63E-17 1.38E-17 1.17E-17 3.12E-18 1.14E-19 5.57E-24 6.13E-24 1.57E-27 1.83E-40 
 LU175     3.59E-06 3.61E-06 3.63E-06 3.77E-06 4.08E-06 4.71E-06 4.97E-06 5.17E-06 5.44E-06 
 LU176     9.86E-08 9.86E-08 9.86E-08 9.86E-08 9.86E-08 9.86E-08 9.86E-08 9.86E-08 9.86E-08 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 LU176M    1.18E-09 1.30E-11 1.43E-13 3.10E-29 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LU177     1.58E-08 1.42E-08 1.28E-08 5.62E-09 7.15E-10 3.62E-12 1.84E-12 1.45E-12 6.49E-13 
 LU177M    3.26E-10 3.25E-10 3.23E-10 3.12E-10 2.85E-10 2.18E-10 1.82E-10 1.46E-10 6.52E-11 
 HF174     6.32E-06 6.32E-06 6.32E-06 6.32E-06 6.32E-06 6.32E-06 6.32E-06 6.32E-06 6.32E-06 
 HF175     1.90E-06 1.88E-06 1.86E-06 1.72E-06 1.41E-06 7.78E-07 5.24E-07 3.19E-07 5.37E-08 
 HF176     2.99E-04 2.99E-04 2.99E-04 2.99E-04 2.99E-04 2.99E-04 2.99E-04 2.99E-04 2.99E-04 
 HF177     8.51E-05 8.51E-05 8.51E-05 8.51E-05 8.51E-05 8.51E-05 8.51E-05 8.51E-05 8.51E-05 
 HF178     1.74E-03 1.74E-03 1.74E-03 1.74E-03 1.74E-03 1.74E-03 1.74E-03 1.74E-03 1.74E-03 
 HF178M    3.15E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF179     2.51E-03 2.51E-03 2.51E-03 2.51E-03 2.51E-03 2.51E-03 2.51E-03 2.51E-03 2.51E-03 
 HF179M    1.62E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF180     3.31E-03 3.31E-03 3.31E-03 3.31E-03 3.31E-03 3.31E-03 3.31E-03 3.31E-03 3.31E-03 
 HF180M    1.03E-08 5.00E-10 2.43E-11 7.54E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF181     2.72E-05 2.68E-05 2.64E-05 2.31E-05 1.67E-05 6.26E-06 3.25E-06 1.44E-06 7.57E-08 
 HF182     8.83E-07 8.83E-07 8.83E-07 8.83E-07 8.83E-07 8.83E-07 8.83E-07 8.83E-07 8.83E-07 
 TA180     1.07E-04 1.07E-04 1.07E-04 1.07E-04 1.07E-04 1.07E-04 1.07E-04 1.07E-04 1.07E-04 
 TA181     2.05E+00 2.05E+00 2.05E+00 2.05E+00 2.05E+00 2.05E+00 2.05E+00 2.05E+00 2.05E+00 
 TA182     5.33E-02 5.30E-02 5.26E-02 5.02E-02 4.45E-02 3.10E-02 2.43E-02 1.80E-02 6.09E-03 
 TA182M    2.81E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA183     2.43E-02 2.12E-02 1.85E-02 6.23E-03 4.11E-04 1.18E-07 5.15E-10 5.75E-13 1.37E-23 
  W180     9.76E-18 9.78E-18 9.79E-18 9.89E-18 1.01E-17 1.09E-17 1.14E-17 1.20E-17 1.43E-17 
  W182     9.79E-02 9.83E-02 9.86E-02 1.01E-01 1.07E-01 1.20E-01 1.27E-01 1.33E-01 1.45E-01 
  W183M    3.44E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W183     5.84E-01 5.87E-01 5.90E-01 6.02E-01 6.08E-01 6.09E-01 6.09E-01 6.09E-01 6.09E-01 
  W184     4.24E-02 4.24E-02 4.24E-02 4.24E-02 4.24E-02 4.24E-02 4.24E-02 4.24E-02 4.24E-02 
  W185     7.04E-05 6.98E-05 6.92E-05 6.42E-05 5.34E-05 3.07E-05 2.12E-05 1.34E-05 2.54E-06 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  W185M    3.39E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W186     3.55E-07 3.63E-07 3.70E-07 3.95E-07 4.02E-07 4.03E-07 4.03E-07 4.03E-07 4.03E-07 
  W187     6.88E-10 3.43E-10 1.71E-10 6.52E-13 5.87E-19 4.28E-37 0.00E+00 0.00E+00 0.00E+00 
  W188     1.18E-10 1.17E-10 1.16E-10 1.07E-10 8.75E-11 4.81E-11 3.22E-11 1.96E-11 3.24E-12 
 RE185     2.93E-05 3.00E-05 3.06E-05 3.55E-05 4.63E-05 6.91E-05 7.85E-05 8.64E-05 9.72E-05 
 RE186     7.36E-07 6.13E-07 5.10E-07 1.17E-07 2.99E-09 4.93E-14 3.20E-17 3.31E-21 1.49E-35 
 RE187     1.64E-08 1.67E-08 1.69E-08 1.71E-08 1.71E-08 1.71E-08 1.71E-08 1.71E-08 1.71E-08 
 RE188     2.10E-11 8.76E-12 4.03E-12 1.10E-12 9.02E-13 4.95E-13 3.32E-13 2.02E-13 3.34E-14 
 RE188M    3.55E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RE189     4.99E-16 2.52E-16 1.27E-16 5.31E-19 6.01E-25 7.95E-43 0.00E+00 0.00E+00 0.00E+00 
 OS186     5.35E-06 5.47E-06 5.56E-06 5.93E-06 6.04E-06 6.04E-06 6.04E-06 6.04E-06 6.04E-06 
 OS188     5.94E-10 6.07E-10 6.13E-10 6.25E-10 6.45E-10 6.84E-10 7.00E-10 7.13E-10 7.30E-10 
 OS189     4.67E-12 4.67E-12 4.67E-12 4.67E-12 4.67E-12 4.67E-12 4.67E-12 4.67E-12 4.67E-12 
 OS190     1.83E-13 1.83E-13 1.83E-13 1.83E-13 1.83E-13 1.83E-13 1.83E-13 1.83E-13 1.83E-13 
 OS191     3.01E-16 2.99E-16 2.88E-16 2.02E-16 8.22E-17 5.52E-18 9.13E-19 9.63E-20 2.93E-23 
 OS191M    1.57E-17 4.35E-18 1.21E-18 4.34E-23 3.33E-34 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR191     1.95E-16 2.09E-16 2.22E-16 3.09E-16 4.29E-16 5.06E-16 5.11E-16 5.11E-16 5.11E-16 
 IR192     3.72E-17 3.69E-17 3.65E-17 3.39E-17 2.81E-17 1.60E-17 1.10E-17 6.90E-18 1.28E-18 
 PT192     5.22E-18 5.55E-18 5.87E-18 8.38E-18 1.39E-17 2.54E-17 3.02E-17 3.41E-17 3.94E-17 
 SUMTOT    7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 
0TOTAL     7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 7.33E+02 

 
 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 74 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

Table 23. Source Terms for 'A7 400C 3 DPA Y' Capsule. 
ACTIVATION PRODUCTS (grams) 

ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  H  1     7.64E-04 7.64E-04 7.64E-04 7.64E-04 7.64E-04 7.64E-04 7.64E-04 7.64E-04 7.64E-04 
  H  2     3.86E-07 3.86E-07 3.86E-07 3.86E-07 3.86E-07 3.86E-07 3.86E-07 3.86E-07 3.86E-07 
  H  3     1.07E-08 1.07E-08 1.07E-08 1.07E-08 1.06E-08 1.05E-08 1.05E-08 1.04E-08 1.01E-08 
 HE  3     4.60E-11 4.76E-11 4.92E-11 6.24E-11 9.51E-11 1.93E-10 2.57E-10 3.38E-10 6.21E-10 
 HE  4     1.27E-02 1.27E-02 1.27E-02 1.27E-02 1.27E-02 1.27E-02 1.27E-02 1.27E-02 1.27E-02 
 HE  6     6.90E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LI  6     2.10E-10 2.10E-10 2.10E-10 2.10E-10 2.10E-10 2.10E-10 2.10E-10 2.10E-10 2.10E-10 
 LI  7     2.27E-13 2.27E-13 2.27E-13 2.27E-13 2.27E-13 2.27E-13 2.27E-13 2.27E-13 2.27E-13 
 BE  9     2.49E-06 2.49E-06 2.49E-06 2.49E-06 2.49E-06 2.49E-06 2.49E-06 2.49E-06 2.49E-06 
 BE 10     6.37E-08 6.37E-08 6.37E-08 6.37E-08 6.37E-08 6.37E-08 6.37E-08 6.37E-08 6.37E-08 
  B 10     1.25E-13 1.25E-13 1.25E-13 1.25E-13 1.27E-13 1.32E-13 1.35E-13 1.38E-13 1.52E-13 
  B 11     8.38E-05 8.38E-05 8.38E-05 8.38E-05 8.38E-05 8.38E-05 8.38E-05 8.38E-05 8.38E-05 
  C 12     5.88E-01 5.88E-01 5.88E-01 5.88E-01 5.88E-01 5.88E-01 5.88E-01 5.88E-01 5.88E-01 
  C 13     7.16E-03 7.16E-03 7.16E-03 7.16E-03 7.16E-03 7.16E-03 7.16E-03 7.16E-03 7.16E-03 
  C 14     7.36E-04 7.36E-04 7.36E-04 7.36E-04 7.36E-04 7.36E-04 7.36E-04 7.36E-04 7.35E-04 
  N 14     2.79E-01 2.79E-01 2.79E-01 2.79E-01 2.79E-01 2.79E-01 2.79E-01 2.79E-01 2.79E-01 
  N 15     1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 
  N 16     2.55E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  O 16     3.82E-11 3.82E-11 3.82E-11 3.82E-11 3.82E-11 3.82E-11 3.82E-11 3.82E-11 3.82E-11 
  O 17     4.16E-17 4.16E-17 4.16E-17 4.16E-17 4.16E-17 4.16E-17 4.16E-17 4.16E-17 4.16E-17 
  O 18     3.77E-09 3.77E-09 3.77E-09 3.77E-09 3.77E-09 3.77E-09 3.77E-09 3.77E-09 3.77E-09 
  F 19     6.33E-16 6.33E-16 6.33E-16 6.33E-16 6.33E-16 6.33E-16 6.33E-16 6.33E-16 6.33E-16 
 NE 20     1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 1.46E-12 
 NE 21     4.39E-06 4.39E-06 4.39E-06 4.39E-06 4.39E-06 4.39E-06 4.39E-06 4.39E-06 4.39E-06 
 NE 22     6.60E-06 6.60E-06 6.60E-06 6.60E-06 6.60E-06 6.60E-06 6.60E-06 6.60E-06 6.60E-06 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 NE 23     4.62E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 23     1.34E-06 1.34E-06 1.34E-06 1.34E-06 1.34E-06 1.34E-06 1.34E-06 1.34E-06 1.34E-06 
 NA 24     1.72E-06 5.67E-07 1.87E-07 2.62E-11 6.10E-21 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 25     4.86E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 24     7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 
 MG 25     9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 
 MG 26     1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 
 MG 27     9.62E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 28     3.72E-14 1.68E-14 7.57E-15 1.30E-17 1.61E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 27     1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 
 AL 28     5.65E-07 3.00E-17 1.35E-17 2.33E-20 2.87E-27 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 29     4.29E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 30     4.04E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 28     1.91E+00 1.91E+00 1.91E+00 1.91E+00 1.91E+00 1.91E+00 1.91E+00 1.91E+00 1.91E+00 
 SI 29     9.84E-02 9.84E-02 9.84E-02 9.84E-02 9.84E-02 9.84E-02 9.84E-02 9.84E-02 9.84E-02 
 SI 30     6.73E-02 6.73E-02 6.73E-02 6.73E-02 6.73E-02 6.73E-02 6.73E-02 6.73E-02 6.73E-02 
 SI 31     1.68E-08 2.96E-11 5.19E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 32     1.07E-11 1.07E-11 1.07E-11 1.07E-11 1.07E-11 1.07E-11 1.07E-11 1.07E-11 1.07E-11 
  P 31     5.70E-02 5.70E-02 5.70E-02 5.70E-02 5.70E-02 5.70E-02 5.70E-02 5.70E-02 5.70E-02 
  P 32     2.62E-06 2.50E-06 2.38E-06 1.61E-06 6.12E-07 3.34E-08 4.80E-09 4.26E-10 6.98E-14 
  P 33     1.50E-10 1.46E-10 1.42E-10 1.14E-10 6.54E-11 1.24E-11 4.08E-12 1.02E-12 6.95E-15 
  P 34     5.55E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  S 32     3.67E-02 3.67E-02 3.67E-02 3.67E-02 3.67E-02 3.67E-02 3.67E-02 3.67E-02 3.67E-02 
  S 33     3.25E-04 3.25E-04 3.25E-04 3.25E-04 3.25E-04 3.25E-04 3.25E-04 3.25E-04 3.25E-04 
  S 34     1.73E-03 1.73E-03 1.73E-03 1.73E-03 1.73E-03 1.73E-03 1.73E-03 1.73E-03 1.73E-03 
  S 35     2.36E-07 2.34E-07 2.32E-07 2.18E-07 1.86E-07 1.16E-07 8.47E-08 5.71E-08 1.38E-08 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  S 36     7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 
  S 37     4.27E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 35     3.25E-07 3.27E-07 3.29E-07 3.43E-07 3.75E-07 4.45E-07 4.76E-07 5.04E-07 5.47E-07 
 CL 36     9.07E-09 9.07E-09 9.07E-09 9.07E-09 9.07E-09 9.07E-09 9.07E-09 9.07E-09 9.07E-09 
 CL 37     1.56E-09 1.56E-09 1.56E-09 1.56E-09 1.56E-09 1.56E-09 1.56E-09 1.56E-09 1.56E-09 
 CL 38     2.03E-16 4.57E-28 1.03E-39 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 36     4.11E-15 4.17E-15 4.23E-15 4.68E-15 5.80E-15 9.16E-15 1.14E-14 1.42E-14 2.43E-14 
 AR 38     4.84E-13 4.84E-13 4.84E-13 4.84E-13 4.84E-13 4.84E-13 4.84E-13 4.84E-13 4.84E-13 
 AR 39     1.48E-16 1.48E-16 1.48E-16 1.48E-16 1.48E-16 1.48E-16 1.48E-16 1.47E-16 1.47E-16 
 AR 40     3.14E-17 3.14E-17 3.14E-17 3.14E-17 3.14E-17 3.14E-17 3.14E-17 3.14E-17 3.14E-17 
 CA 44     1.57E-10 1.57E-10 1.57E-10 1.57E-10 1.57E-10 1.57E-10 1.57E-10 1.57E-10 1.57E-10 
 CA 45     5.91E-14 5.89E-14 5.86E-14 5.67E-14 5.21E-14 4.03E-14 3.40E-14 2.75E-14 1.28E-14 
 CA 46     6.29E-11 6.29E-11 6.29E-11 6.29E-11 6.29E-11 6.29E-11 6.29E-11 6.29E-11 6.29E-11 
 CA 47     1.13E-14 9.73E-15 8.35E-15 2.46E-15 1.16E-16 1.21E-20 2.51E-23 1.20E-26 1.36E-38 
 SC 45     1.48E-14 1.50E-14 1.53E-14 1.72E-14 2.18E-14 3.36E-14 3.99E-14 4.64E-14 6.11E-14 
 SC 46     1.02E-16 1.01E-16 1.01E-16 9.41E-17 7.98E-17 4.86E-17 3.49E-17 2.31E-17 5.20E-18 
 SC 47     3.58E-11 2.91E-11 2.37E-11 4.53E-12 7.25E-14 3.28E-19 1.59E-22 3.69E-26 2.50E-42 
 SC 48     4.53E-11 3.10E-11 2.12E-11 1.02E-12 5.11E-16 6.49E-26 1.64E-32 9.32E-41 0.00E+00 
 SC 49     1.22E-13 3.52E-21 1.02E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 50     3.16E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TI 46     3.70E-17 3.78E-17 3.87E-17 4.51E-17 5.95E-17 9.07E-17 1.04E-16 1.16E-16 1.34E-16 
 TI 47     1.36E-05 1.36E-05 1.36E-05 1.36E-05 1.36E-05 1.36E-05 1.36E-05 1.36E-05 1.36E-05 
 TI 48     2.08E-08 2.08E-08 2.08E-08 2.08E-08 2.08E-08 2.08E-08 2.08E-08 2.08E-08 2.08E-08 
 TI 49     3.72E-05 3.72E-05 3.72E-05 3.72E-05 3.72E-05 3.72E-05 3.72E-05 3.72E-05 3.72E-05 
 TI 50     1.50E-04 1.50E-04 1.50E-04 1.50E-04 1.50E-04 1.50E-04 1.50E-04 1.50E-04 1.50E-04 
 TI 51     2.45E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  V 50     8.05E-04 8.05E-04 8.05E-04 8.05E-04 8.05E-04 8.05E-04 8.05E-04 8.05E-04 8.05E-04 
  V 51     2.09E-01 2.10E-01 2.10E-01 2.14E-01 2.20E-01 2.28E-01 2.29E-01 2.30E-01 2.30E-01 
  V 52     4.43E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 53     4.73E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 54     2.97E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CR 50     4.97E+00 4.97E+00 4.97E+00 4.97E+00 4.97E+00 4.97E+00 4.97E+00 4.97E+00 4.97E+00 
 CR 51     2.07E-02 2.02E-02 1.97E-02 1.61E-02 9.78E-03 2.18E-03 8.02E-04 2.30E-04 2.54E-06 
 CR 52     1.01E+02 1.01E+02 1.01E+02 1.01E+02 1.01E+02 1.01E+02 1.01E+02 1.01E+02 1.01E+02 
 CR 53     1.20E+01 1.20E+01 1.20E+01 1.20E+01 1.20E+01 1.20E+01 1.20E+01 1.20E+01 1.20E+01 
 CR 54     3.27E+00 3.27E+00 3.27E+00 3.27E+00 3.27E+00 3.28E+00 3.28E+00 3.28E+00 3.28E+00 
 CR 55     3.26E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 54     5.95E-03 5.93E-03 5.92E-03 5.82E-03 5.56E-03 4.87E-03 4.46E-03 3.99E-03 2.68E-03 
 MN 55     5.48E+00 5.48E+00 5.48E+00 5.48E+00 5.48E+00 5.48E+00 5.49E+00 5.49E+00 5.50E+00 
 MN 56     1.16E-04 1.83E-07 2.88E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 57     2.07E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 58     4.23E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 FE 54     2.84E+01 2.84E+01 2.84E+01 2.84E+01 2.84E+01 2.84E+01 2.84E+01 2.84E+01 2.84E+01 
 FE 55     7.97E-02 7.96E-02 7.96E-02 7.91E-02 7.80E-02 7.46E-02 7.25E-02 6.99E-02 6.13E-02 
 FE 56     4.65E+02 4.65E+02 4.65E+02 4.65E+02 4.65E+02 4.65E+02 4.65E+02 4.65E+02 4.65E+02 
 FE 57     1.30E+01 1.30E+01 1.30E+01 1.30E+01 1.30E+01 1.30E+01 1.30E+01 1.30E+01 1.30E+01 
 FE 58     1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.58E+00 1.58E+00 1.58E+00 
 FE 59     7.68E-04 7.56E-04 7.44E-04 6.58E-04 4.84E-04 1.92E-04 1.04E-04 4.80E-05 3.00E-06 
 CO 58     2.21E-03 2.19E-03 2.17E-03 2.00E-03 1.65E-03 9.16E-04 6.19E-04 3.79E-04 6.51E-05 
 CO 59     9.34E-03 9.35E-03 9.36E-03 9.45E-03 9.63E-03 9.92E-03 1.00E-02 1.01E-02 1.01E-02 
 CO 60     4.50E-04 4.50E-04 4.49E-04 4.48E-04 4.45E-04 4.35E-04 4.29E-04 4.21E-04 3.95E-04 
 CO 60M    2.10E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 CO 61     4.83E-09 2.02E-13 8.44E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 62     1.09E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 58     4.86E+01 4.86E+01 4.86E+01 4.86E+01 4.86E+01 4.86E+01 4.86E+01 4.86E+01 4.86E+01 
 NI 59     3.22E-01 3.22E-01 3.22E-01 3.22E-01 3.22E-01 3.22E-01 3.22E-01 3.22E-01 3.22E-01 
 NI 60     1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 
 NI 61     9.24E-01 9.24E-01 9.24E-01 9.24E-01 9.24E-01 9.24E-01 9.24E-01 9.24E-01 9.24E-01 
 NI 62     2.70E+00 2.70E+00 2.70E+00 2.70E+00 2.70E+00 2.70E+00 2.70E+00 2.70E+00 2.70E+00 
 NI 63     5.20E-02 5.20E-02 5.20E-02 5.20E-02 5.19E-02 5.19E-02 5.18E-02 5.18E-02 5.16E-02 
 NI 64     7.21E-01 7.21E-01 7.21E-01 7.21E-01 7.21E-01 7.21E-01 7.21E-01 7.21E-01 7.21E-01 
 NI 65     1.32E-06 1.79E-09 2.43E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 66     7.91E-10 5.83E-10 4.30E-10 3.76E-11 8.50E-14 9.81E-22 5.01E-27 1.22E-33 0.00E+00 
 CU 63     3.33E-01 3.33E-01 3.33E-01 3.33E-01 3.33E-01 3.33E-01 3.33E-01 3.33E-01 3.33E-01 
 CU 64     1.01E-05 2.72E-06 7.33E-07 2.06E-11 8.64E-23 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CU 65     1.55E-01 1.55E-01 1.55E-01 1.55E-01 1.55E-01 1.55E-01 1.55E-01 1.55E-01 1.55E-01 
 CU 66     1.52E-08 9.10E-13 6.71E-13 5.86E-14 1.33E-16 1.53E-24 7.82E-30 1.90E-36 0.00E+00 
 CU 67     5.73E-11 4.38E-11 3.35E-11 3.89E-12 1.80E-14 1.77E-21 3.76E-26 5.44E-32 0.00E+00 
 ZN 64     8.83E-04 8.86E-04 8.87E-04 8.87E-04 8.87E-04 8.87E-04 8.87E-04 8.87E-04 8.87E-04 
 ZN 65     5.05E-07 5.03E-07 5.02E-07 4.90E-07 4.63E-07 3.91E-07 3.49E-07 3.03E-07 1.81E-07 
 ZN 66     5.33E-04 5.33E-04 5.33E-04 5.33E-04 5.33E-04 5.33E-04 5.33E-04 5.33E-04 5.33E-04 
 ZN 67     3.48E-07 3.48E-07 3.48E-07 3.48E-07 3.48E-07 3.48E-07 3.48E-07 3.48E-07 3.48E-07 
 ZN 68     1.80E-09 1.80E-09 1.80E-09 1.80E-09 1.80E-09 1.80E-09 1.80E-09 1.80E-09 1.80E-09 
 ZN 69     1.41E-15 3.04E-17 9.08E-18 5.73E-22 1.81E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZN 69M    1.37E-15 4.10E-16 1.22E-16 7.72E-21 2.44E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 69     1.12E-12 1.12E-12 1.12E-12 1.12E-12 1.12E-12 1.12E-12 1.12E-12 1.12E-12 1.12E-12 
 GE 70     1.71E-15 1.72E-15 1.72E-15 1.72E-15 1.72E-15 1.72E-15 1.72E-15 1.72E-15 1.72E-15 
 SR 87     6.77E-17 6.77E-17 6.77E-17 6.77E-17 6.77E-17 6.77E-17 6.77E-17 6.77E-17 6.77E-17 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 SR 88     2.66E-12 2.66E-12 2.66E-12 2.66E-12 2.66E-12 2.66E-12 2.66E-12 2.66E-12 2.66E-12 
 SR 89     1.39E-12 1.37E-12 1.36E-12 1.21E-12 9.23E-13 4.05E-13 2.34E-13 1.18E-13 9.95E-15 
 SR 90     8.45E-14 8.45E-14 8.45E-14 8.45E-14 8.44E-14 8.40E-14 8.38E-14 8.35E-14 8.26E-14 
 SR 91     3.33E-16 5.78E-17 1.00E-17 8.27E-24 5.10E-39 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 89     5.89E-08 5.92E-08 5.95E-08 6.03E-08 6.05E-08 6.05E-08 6.05E-08 6.05E-08 6.05E-08 
  Y 89M    8.99E-14 7.27E-14 5.88E-14 1.08E-14 1.55E-16 4.62E-22 9.57E-26 2.38E-30 0.00E+00 
  Y 90     1.94E-10 1.50E-10 1.16E-10 1.45E-11 7.98E-14 2.11E-17 2.10E-17 2.10E-17 2.07E-17 
  Y 90M    8.95E-17 4.18E-19 1.95E-21 4.42E-40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 91     6.36E-13 6.28E-13 6.21E-13 5.65E-13 4.46E-13 2.19E-13 1.36E-13 7.54E-14 8.93E-15 
  Y 92     1.61E-14 1.47E-16 1.33E-18 6.20E-35 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZR 89     1.58E-09 1.28E-09 1.04E-09 1.90E-10 2.73E-12 8.14E-18 1.68E-21 4.18E-26 1.12E-42 
 ZR 90     8.89E-09 8.94E-09 8.97E-09 9.07E-09 9.09E-09 9.09E-09 9.09E-09 9.09E-09 9.09E-09 
 ZR 91     8.22E-07 8.22E-07 8.22E-07 8.22E-07 8.22E-07 8.22E-07 8.22E-07 8.22E-07 8.22E-07 
 ZR 92     1.92E-05 1.93E-05 1.93E-05 1.97E-05 2.01E-05 2.02E-05 2.02E-05 2.02E-05 2.02E-05 
 ZR 93     7.93E-07 7.93E-07 7.93E-07 7.93E-07 7.93E-07 7.93E-07 7.93E-07 7.93E-07 7.93E-07 
 ZR 94     1.74E-06 1.74E-06 1.74E-06 1.74E-06 1.74E-06 1.74E-06 1.74E-06 1.74E-06 1.74E-06 
 ZR 95     7.65E-08 7.56E-08 7.48E-08 6.86E-08 5.53E-08 2.88E-08 1.87E-08 1.09E-08 1.55E-09 
 ZR 96     1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 
 ZR 97     2.94E-11 1.10E-11 4.10E-12 1.56E-15 4.39E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 92     9.98E-07 9.32E-07 8.71E-07 5.05E-07 1.29E-07 2.15E-09 1.40E-10 4.63E-12 2.15E-17 
 NB 93     3.45E-02 3.45E-02 3.45E-02 3.45E-02 3.45E-02 3.45E-02 3.45E-02 3.45E-02 3.45E-02 
 NB 93M    1.58E-13 1.59E-13 1.59E-13 1.67E-13 1.85E-13 2.39E-13 2.75E-13 3.20E-13 4.78E-13 
 NB 94     2.03E-04 2.03E-04 2.03E-04 2.03E-04 2.03E-04 2.03E-04 2.03E-04 2.03E-04 2.03E-04 
 NB 95     2.48E-06 2.43E-06 2.38E-06 2.04E-06 1.39E-06 4.39E-07 2.06E-07 8.18E-08 3.86E-09 
 NB 95M    3.07E-11 3.06E-11 3.04E-11 2.85E-11 2.31E-11 1.21E-11 7.83E-12 4.55E-12 6.48E-13 
 NB 96     3.91E-09 1.92E-09 9.39E-10 3.14E-12 2.04E-18 5.56E-37 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 NB 97     7.43E-11 7.84E-13 2.93E-13 1.20E-16 3.37E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 97M    2.74E-14 1.03E-14 3.83E-15 1.46E-18 4.11E-27 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 98     7.23E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB100     3.14E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 92     4.51E-01 4.51E-01 4.51E-01 4.51E-01 4.51E-01 4.51E-01 4.51E-01 4.51E-01 4.51E-01 
 MO 93M    8.35E-09 7.36E-10 6.49E-11 2.37E-19 1.91E-40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93     1.13E-04 1.13E-04 1.13E-04 1.13E-04 1.13E-04 1.13E-04 1.13E-04 1.13E-04 1.13E-04 
 MO 94     2.90E-01 2.90E-01 2.90E-01 2.90E-01 2.90E-01 2.90E-01 2.90E-01 2.90E-01 2.90E-01 
 MO 95     4.71E-01 4.71E-01 4.71E-01 4.71E-01 4.71E-01 4.71E-01 4.71E-01 4.71E-01 4.71E-01 
 MO 96     5.56E-01 5.56E-01 5.56E-01 5.56E-01 5.56E-01 5.56E-01 5.56E-01 5.56E-01 5.56E-01 
 MO 97     3.11E-01 3.11E-01 3.11E-01 3.11E-01 3.11E-01 3.11E-01 3.11E-01 3.11E-01 3.11E-01 
 MO 98     7.84E-01 7.84E-01 7.84E-01 7.84E-01 7.84E-01 7.84E-01 7.84E-01 7.84E-01 7.84E-01 
 MO 99     5.99E-05 4.66E-05 3.62E-05 4.82E-06 3.12E-08 8.43E-15 3.53E-19 1.19E-24 0.00E+00 
 MO100     3.18E-01 3.18E-01 3.18E-01 3.18E-01 3.18E-01 3.18E-01 3.18E-01 3.18E-01 3.18E-01 
 MO101     5.61E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC 99     3.11E-04 3.12E-04 3.14E-04 3.17E-04 3.18E-04 3.18E-04 3.18E-04 3.18E-04 3.18E-04 
 TC100     6.09E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC101     5.45E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU 99     4.87E-10 4.90E-10 4.93E-10 5.15E-10 5.72E-10 7.42E-10 8.55E-10 9.97E-10 1.51E-09 
 RU100     2.12E-05 2.12E-05 2.12E-05 2.12E-05 2.12E-05 2.12E-05 2.12E-05 2.12E-05 2.12E-05 
 RU101     6.77E-04 6.77E-04 6.77E-04 6.77E-04 6.77E-04 6.77E-04 6.77E-04 6.77E-04 6.77E-04 
 RU102     1.47E-05 1.47E-05 1.47E-05 1.47E-05 1.47E-05 1.47E-05 1.47E-05 1.47E-05 1.47E-05 
 RU103     9.39E-09 9.22E-09 9.06E-09 7.87E-09 5.53E-09 1.92E-09 9.47E-10 3.92E-10 1.64E-11 
 RU104     9.26E-11 9.26E-11 9.26E-11 9.26E-11 9.26E-11 9.26E-11 9.26E-11 9.26E-11 9.26E-11 
 RU105     5.26E-16 1.24E-17 2.92E-19 2.79E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH103     8.19E-10 8.36E-10 8.52E-10 9.70E-10 1.20E-09 1.56E-09 1.66E-09 1.71E-09 1.75E-09 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 81 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 RH104     1.87E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH104M    8.32E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH105     3.34E-15 2.45E-15 1.54E-15 3.57E-17 2.93E-21 1.61E-33 1.09E-41 0.00E+00 0.00E+00 
 RH106M    1.78E-17 9.23E-21 4.80E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD104     1.22E-10 1.22E-10 1.22E-10 1.22E-10 1.22E-10 1.22E-10 1.22E-10 1.22E-10 1.22E-10 
 PD105     2.86E-13 2.87E-13 2.88E-13 2.89E-13 2.89E-13 2.89E-13 2.89E-13 2.89E-13 2.89E-13 
 PD106     1.74E-14 1.74E-14 1.74E-14 1.74E-14 1.74E-14 1.74E-14 1.74E-14 1.74E-14 1.74E-14 
 PD107     1.20E-17 1.20E-17 1.20E-17 1.20E-17 1.20E-17 1.20E-17 1.20E-17 1.20E-17 1.20E-17 
 TM172     5.79E-15 4.46E-15 3.43E-15 4.24E-16 2.26E-18 3.46E-25 9.89E-30 2.07E-35 0.00E+00 
 TM173     6.46E-16 8.58E-17 1.14E-17 1.10E-24 3.15E-42 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 YB172     1.43E-13 1.44E-13 1.45E-13 1.48E-13 1.49E-13 1.49E-13 1.49E-13 1.49E-13 1.49E-13 
 YB173     8.91E-14 8.97E-14 8.98E-14 8.98E-14 8.98E-14 8.98E-14 8.98E-14 8.98E-14 8.98E-14 
 YB174     3.70E-15 3.70E-15 3.70E-15 3.70E-15 3.70E-15 3.70E-15 3.70E-15 3.70E-15 3.70E-15 
 YB175     1.10E-17 9.31E-18 7.89E-18 2.10E-18 7.68E-20 3.75E-24 0.00E+00 0.00E+00 0.00E+00 
 LU175     3.40E-06 3.42E-06 3.44E-06 3.57E-06 3.87E-06 4.47E-06 4.71E-06 4.91E-06 5.16E-06 
 LU176     8.97E-08 8.97E-08 8.97E-08 8.97E-08 8.97E-08 8.97E-08 8.97E-08 8.97E-08 8.97E-08 
 LU176M    1.02E-09 1.12E-11 1.24E-13 2.69E-29 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LU177     1.31E-08 1.18E-08 1.06E-08 4.65E-09 5.91E-10 2.97E-12 1.50E-12 1.18E-12 5.29E-13 
 LU177M    2.66E-10 2.65E-10 2.64E-10 2.54E-10 2.33E-10 1.78E-10 1.49E-10 1.19E-10 5.32E-11 
 HF174     6.71E-06 6.71E-06 6.71E-06 6.71E-06 6.71E-06 6.71E-06 6.71E-06 6.71E-06 6.71E-06 
 HF175     1.81E-06 1.79E-06 1.77E-06 1.64E-06 1.34E-06 7.42E-07 4.99E-07 3.04E-07 5.12E-08 
 HF176     3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 
 HF177     1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 
 HF178     1.85E-03 1.85E-03 1.85E-03 1.85E-03 1.85E-03 1.85E-03 1.85E-03 1.85E-03 1.85E-03 
 HF178M    3.49E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF179     2.44E-03 2.44E-03 2.44E-03 2.44E-03 2.44E-03 2.44E-03 2.44E-03 2.44E-03 2.44E-03 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 HF179M    1.57E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF180     3.25E-03 3.25E-03 3.25E-03 3.25E-03 3.25E-03 3.25E-03 3.25E-03 3.25E-03 3.25E-03 
 HF180M    9.14E-09 4.44E-10 2.16E-11 6.69E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 HF181     2.46E-05 2.42E-05 2.38E-05 2.09E-05 1.51E-05 5.65E-06 2.94E-06 1.30E-06 6.84E-08 
 HF182     7.33E-07 7.33E-07 7.33E-07 7.33E-07 7.33E-07 7.33E-07 7.33E-07 7.33E-07 7.33E-07 
 TA180     1.90E-04 1.90E-04 1.90E-04 1.90E-04 1.90E-04 1.90E-04 1.90E-04 1.90E-04 1.90E-04 
 TA181     3.39E+00 3.39E+00 3.39E+00 3.39E+00 3.39E+00 3.39E+00 3.39E+00 3.39E+00 3.39E+00 
 TA182     8.74E-02 8.69E-02 8.64E-02 8.23E-02 7.30E-02 5.08E-02 3.99E-02 2.96E-02 9.99E-03 
 TA182M    4.26E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA183     3.65E-02 3.18E-02 2.78E-02 9.36E-03 6.18E-04 1.78E-07 7.73E-10 8.59E-13 2.04E-23 
  W180     1.64E-17 1.65E-17 1.65E-17 1.67E-17 1.71E-17 1.85E-17 1.94E-17 2.05E-17 2.45E-17 
  W182     1.59E-01 1.59E-01 1.60E-01 1.64E-01 1.73E-01 1.95E-01 2.06E-01 2.17E-01 2.36E-01 
  W183M    5.10E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W183     8.57E-01 8.62E-01 8.66E-01 8.84E-01 8.93E-01 8.93E-01 8.93E-01 8.93E-01 8.93E-01 
  W184     5.61E-02 5.61E-02 5.61E-02 5.61E-02 5.61E-02 5.61E-02 5.61E-02 5.61E-02 5.61E-02 
  W185     8.48E-05 8.40E-05 8.33E-05 7.73E-05 6.43E-05 3.70E-05 2.56E-05 1.61E-05 3.06E-06 
  W185M    4.10E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W186     3.92E-07 4.01E-07 4.08E-07 4.36E-07 4.45E-07 4.45E-07 4.45E-07 4.45E-07 4.45E-07 
  W187     6.94E-10 3.46E-10 1.73E-10 6.59E-13 5.93E-19 4.32E-37 0.00E+00 0.00E+00 0.00E+00 
  W188     1.08E-10 1.07E-10 1.06E-10 9.81E-11 8.03E-11 4.41E-11 2.96E-11 1.80E-11 2.98E-12 
 RE185     3.56E-05 3.64E-05 3.72E-05 4.31E-05 5.61E-05 8.35E-05 9.49E-05 1.04E-04 1.17E-04 
 RE186     8.17E-07 6.80E-07 5.66E-07 1.30E-07 3.32E-09 5.47E-14 3.55E-17 3.67E-21 1.65E-35 
 RE187     1.65E-08 1.68E-08 1.70E-08 1.72E-08 1.72E-08 1.72E-08 1.72E-08 1.72E-08 1.72E-08 
 RE188     1.93E-11 8.05E-12 3.70E-12 1.01E-12 8.28E-13 4.54E-13 3.05E-13 1.85E-13 3.06E-14 
 RE188M    3.27E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RE189     4.19E-16 2.12E-16 1.07E-16 4.46E-19 5.05E-25 7.95E-43 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 OS186     5.89E-06 6.01E-06 6.12E-06 6.53E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 
 OS188     5.43E-10 5.55E-10 5.61E-10 5.72E-10 5.90E-10 6.26E-10 6.41E-10 6.53E-10 6.68E-10 
 OS189     3.90E-12 3.90E-12 3.90E-12 3.90E-12 3.90E-12 3.90E-12 3.90E-12 3.90E-12 3.90E-12 
 OS190     1.39E-13 1.39E-13 1.39E-13 1.39E-13 1.39E-13 1.39E-13 1.39E-13 1.39E-13 1.39E-13 
 OS191     2.08E-16 2.07E-16 2.00E-16 1.40E-16 5.70E-17 3.83E-18 6.33E-19 6.68E-20 2.03E-23 
 OS191M    1.09E-17 3.02E-18 8.40E-19 3.01E-23 2.31E-34 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR191     1.37E-16 1.47E-16 1.56E-16 2.17E-16 3.00E-16 3.53E-16 3.56E-16 3.57E-16 3.57E-16 
 IR192     2.41E-17 2.39E-17 2.36E-17 2.19E-17 1.82E-17 1.04E-17 7.13E-18 4.46E-18 8.27E-19 
 PT192     3.37E-18 3.58E-18 3.79E-18 5.42E-18 8.98E-18 1.64E-17 1.95E-17 2.21E-17 2.55E-17 
 SUMTOT    8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 
0TOTAL     8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 8.53E+02 

 
 Table 24. Source Terms for 'A8 400C 3 DPA X' Capsule. 

ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  H  1     1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 1.13E-03 
  H  2     5.73E-07 5.73E-07 5.73E-07 5.73E-07 5.73E-07 5.73E-07 5.73E-07 5.73E-07 5.73E-07 
  H  3     1.07E-08 1.07E-08 1.07E-08 1.07E-08 1.07E-08 1.06E-08 1.05E-08 1.04E-08 1.02E-08 
 HE  3     4.55E-11 4.71E-11 4.87E-11 6.19E-11 9.48E-11 1.93E-10 2.58E-10 3.38E-10 6.23E-10 
 HE  4     1.33E-02 1.33E-02 1.33E-02 1.33E-02 1.33E-02 1.33E-02 1.33E-02 1.33E-02 1.33E-02 
 HE  6     9.05E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 LI  6     2.75E-10 2.75E-10 2.75E-10 2.75E-10 2.75E-10 2.75E-10 2.75E-10 2.75E-10 2.75E-10 
 LI  7     2.89E-14 2.89E-14 2.89E-14 2.89E-14 2.89E-14 2.89E-14 2.89E-14 2.89E-14 2.89E-14 
 BE  9     3.24E-06 3.24E-06 3.24E-06 3.24E-06 3.24E-06 3.24E-06 3.24E-06 3.24E-06 3.24E-06 
 BE 10     8.29E-08 8.29E-08 8.29E-08 8.29E-08 8.29E-08 8.29E-08 8.29E-08 8.29E-08 8.29E-08 
  B 10     1.09E-14 1.10E-14 1.11E-14 1.19E-14 1.39E-14 1.98E-14 2.37E-14 2.86E-14 4.63E-14 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  B 11     5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 5.46E-06 
  C 12     7.60E-01 7.60E-01 7.60E-01 7.60E-01 7.60E-01 7.60E-01 7.60E-01 7.60E-01 7.60E-01 
  C 13     9.25E-03 9.25E-03 9.25E-03 9.25E-03 9.25E-03 9.25E-03 9.25E-03 9.25E-03 9.25E-03 
  C 14     4.80E-05 4.79E-05 4.79E-05 4.79E-05 4.79E-05 4.79E-05 4.79E-05 4.79E-05 4.79E-05 
  N 14     1.81E-02 1.81E-02 1.81E-02 1.81E-02 1.81E-02 1.81E-02 1.81E-02 1.81E-02 1.81E-02 
  N 15     7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 
  O 16     2.49E-12 2.49E-12 2.49E-12 2.49E-12 2.49E-12 2.49E-12 2.49E-12 2.49E-12 2.49E-12 
  O 17     3.78E-17 3.78E-17 3.78E-17 3.78E-17 3.78E-17 3.78E-17 3.78E-17 3.78E-17 3.78E-17 
  O 18     3.82E-09 3.82E-09 3.82E-09 3.82E-09 3.82E-09 3.82E-09 3.82E-09 3.82E-09 3.82E-09 
  F 19     6.47E-16 6.47E-16 6.47E-16 6.47E-16 6.47E-16 6.47E-16 6.47E-16 6.47E-16 6.47E-16 
 NE 20     1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 
 NE 21     4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 
 NE 22     6.65E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 6.65E-06 
 NE 23     4.66E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 23     1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 
 NA 24     1.74E-06 5.72E-07 1.89E-07 2.65E-11 6.17E-21 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NA 25     4.89E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 24     7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 7.52E-01 
 MG 25     9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 9.91E-02 
 MG 26     1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 
 MG 27     9.72E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MG 28     3.78E-14 1.71E-14 7.71E-15 1.33E-17 1.63E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 27     1.33E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 1.33E+02 
 AL 28     5.71E-07 3.05E-17 1.38E-17 2.38E-20 2.92E-27 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 29     3.52E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AL 30     3.32E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 SI 28     1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 1.57E+00 
 SI 29     8.02E-02 8.02E-02 8.02E-02 8.02E-02 8.02E-02 8.02E-02 8.02E-02 8.02E-02 8.02E-02 
 SI 30     5.48E-02 5.48E-02 5.48E-02 5.48E-02 5.48E-02 5.48E-02 5.48E-02 5.48E-02 5.48E-02 
 SI 31     9.95E-09 1.75E-11 3.05E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SI 32     6.36E-12 6.36E-12 6.36E-12 6.36E-12 6.36E-12 6.36E-12 6.36E-12 6.36E-12 6.35E-12 
  P 31     1.47E-02 1.47E-02 1.47E-02 1.47E-02 1.47E-02 1.47E-02 1.47E-02 1.47E-02 1.47E-02 
  P 32     1.00E-06 9.54E-07 9.08E-07 6.16E-07 2.34E-07 1.28E-08 1.84E-09 1.63E-10 2.68E-14 
  P 33     8.40E-11 8.17E-11 7.94E-11 6.36E-11 3.65E-11 6.92E-12 2.28E-12 5.71E-13 3.88E-15 
  P 34     3.10E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  S 32     2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 2.03E-02 
  S 33     1.81E-04 1.81E-04 1.81E-04 1.81E-04 1.81E-04 1.81E-04 1.81E-04 1.81E-04 1.81E-04 
  S 34     9.58E-04 9.58E-04 9.58E-04 9.58E-04 9.58E-04 9.58E-04 9.58E-04 9.58E-04 9.58E-04 
  S 35     1.32E-07 1.31E-07 1.30E-07 1.22E-07 1.04E-07 6.48E-08 4.73E-08 3.19E-08 7.73E-09 
  S 36     4.09E-06 4.09E-06 4.09E-06 4.09E-06 4.09E-06 4.09E-06 4.09E-06 4.09E-06 4.09E-06 
  S 37     2.39E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CL 35     1.82E-07 1.83E-07 1.84E-07 1.92E-07 2.09E-07 2.49E-07 2.66E-07 2.81E-07 3.06E-07 
 CL 36     5.10E-09 5.10E-09 5.10E-09 5.10E-09 5.10E-09 5.10E-09 5.10E-09 5.10E-09 5.10E-09 
 CL 37     8.70E-10 8.70E-10 8.70E-10 8.70E-10 8.70E-10 8.70E-10 8.70E-10 8.70E-10 8.70E-10 
 CL 38     1.14E-16 2.57E-28 5.79E-40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 AR 36     2.31E-15 2.35E-15 2.38E-15 2.63E-15 3.26E-15 5.15E-15 6.42E-15 7.99E-15 1.37E-14 
 AR 38     2.72E-13 2.72E-13 2.72E-13 2.72E-13 2.72E-13 2.72E-13 2.72E-13 2.72E-13 2.72E-13 
 AR 39     8.36E-17 8.36E-17 8.36E-17 8.35E-17 8.35E-17 8.35E-17 8.35E-17 8.34E-17 8.33E-17 
 AR 40     1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 1.48E-12 
 AR 41     5.90E-17 6.55E-21 7.27E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  K 41     4.81E-14 4.82E-14 4.82E-14 4.82E-14 4.82E-14 4.82E-14 4.82E-14 4.82E-14 4.82E-14 
  K 43     9.70E-15 4.65E-15 2.23E-15 6.16E-18 2.49E-24 1.81E-43 0.00E+00 0.00E+00 0.00E+00 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
  K 44     2.86E-17 5.66E-37 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CA 42     4.62E-16 4.66E-16 4.66E-16 4.67E-16 4.67E-16 4.67E-16 4.67E-16 4.67E-16 4.67E-16 
 CA 43     8.46E-08 8.46E-08 8.46E-08 8.46E-08 8.46E-08 8.46E-08 8.46E-08 8.46E-08 8.46E-08 
 CA 44     6.53E-07 6.53E-07 6.53E-07 6.53E-07 6.53E-07 6.53E-07 6.53E-07 6.53E-07 6.53E-07 
 CA 45     7.77E-09 7.73E-09 7.70E-09 7.44E-09 6.84E-09 5.30E-09 4.47E-09 3.61E-09 1.68E-09 
 CA 46     7.79E-08 7.79E-08 7.79E-08 7.79E-08 7.79E-08 7.79E-08 7.79E-08 7.79E-08 7.79E-08 
 CA 47     4.04E-12 3.47E-12 2.97E-12 8.76E-13 4.12E-14 4.30E-18 9.53E-21 4.58E-24 5.18E-36 
 SC 45     5.81E-09 5.84E-09 5.87E-09 6.13E-09 6.74E-09 8.28E-09 9.11E-09 9.96E-09 1.19E-08 
 SC 46     7.08E-07 7.02E-07 6.96E-07 6.52E-07 5.52E-07 3.36E-07 2.42E-07 1.60E-07 3.60E-08 
 SC 46M    1.32E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 47     7.50E-08 6.10E-08 4.96E-08 9.48E-09 1.51E-10 6.28E-16 1.87E-19 1.81E-23 1.46E-35 
 SC 48     3.94E-09 2.70E-09 1.84E-09 8.83E-11 4.44E-14 5.65E-24 1.43E-30 8.10E-39 0.00E+00 
 SC 49     8.05E-11 2.33E-18 6.73E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 SC 50     4.52E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TI 46     3.07E-02 3.07E-02 3.07E-02 3.07E-02 3.07E-02 3.07E-02 3.07E-02 3.07E-02 3.07E-02 
 TI 47     2.83E-02 2.83E-02 2.83E-02 2.83E-02 2.83E-02 2.83E-02 2.83E-02 2.83E-02 2.83E-02 
 TI 48     2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 
 TI 49     2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 2.44E-02 
 TI 50     2.13E-02 2.13E-02 2.13E-02 2.13E-02 2.13E-02 2.13E-02 2.13E-02 2.13E-02 2.13E-02 
 TI 51     2.04E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 50     9.09E-04 9.09E-04 9.09E-04 9.09E-04 9.09E-04 9.09E-04 9.09E-04 9.09E-04 9.09E-04 
  V 51     2.27E-01 2.27E-01 2.28E-01 2.32E-01 2.40E-01 2.49E-01 2.50E-01 2.51E-01 2.51E-01 
  V 52     4.97E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 53     5.64E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  V 54     3.54E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CR 50     5.89E+00 5.89E+00 5.89E+00 5.89E+00 5.89E+00 5.89E+00 5.89E+00 5.89E+00 5.89E+00 
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ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 CR 51     2.47E-02 2.41E-02 2.35E-02 1.92E-02 1.17E-02 2.60E-03 9.56E-04 2.74E-04 3.03E-06 
 CR 52     1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 
 CR 53     1.42E+01 1.42E+01 1.42E+01 1.42E+01 1.42E+01 1.42E+01 1.42E+01 1.42E+01 1.42E+01 
 CR 54     3.88E+00 3.88E+00 3.88E+00 3.88E+00 3.88E+00 3.88E+00 3.88E+00 3.88E+00 3.88E+00 
 CR 55     3.84E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 54     4.09E-03 4.08E-03 4.07E-03 4.00E-03 3.83E-03 3.35E-03 3.07E-03 2.74E-03 1.84E-03 
 MN 55     1.65E+00 1.65E+00 1.65E+00 1.65E+00 1.65E+00 1.65E+00 1.65E+00 1.65E+00 1.66E+00 
 MN 56     4.00E-05 6.31E-08 9.96E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 57     1.43E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MN 58     2.95E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 FE 54     1.94E+01 1.94E+01 1.94E+01 1.94E+01 1.94E+01 1.94E+01 1.94E+01 1.94E+01 1.94E+01 
 FE 55     5.67E-02 5.66E-02 5.66E-02 5.63E-02 5.55E-02 5.31E-02 5.16E-02 4.97E-02 4.36E-02 
 FE 56     3.18E+02 3.18E+02 3.18E+02 3.18E+02 3.18E+02 3.18E+02 3.18E+02 3.18E+02 3.18E+02 
 FE 57     8.85E+00 8.85E+00 8.85E+00 8.85E+00 8.85E+00 8.85E+00 8.85E+00 8.85E+00 8.85E+00 
 FE 58     1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 
 FE 59     5.34E-04 5.26E-04 5.18E-04 4.58E-04 3.36E-04 1.34E-04 7.21E-05 3.34E-05 2.09E-06 
 CO 58     6.60E-03 6.54E-03 6.47E-03 5.99E-03 4.92E-03 2.73E-03 1.85E-03 1.13E-03 1.94E-04 
 CO 59     1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 
 CO 60     1.02E-01 1.02E-01 1.02E-01 1.02E-01 1.01E-01 9.92E-02 9.78E-02 9.60E-02 9.00E-02 
 CO 60M    3.33E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 61     2.36E-07 9.87E-12 4.13E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CO 62     3.21E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 58     1.45E+02 1.45E+02 1.45E+02 1.45E+02 1.45E+02 1.45E+02 1.45E+02 1.45E+02 1.45E+02 
 NI 59     9.65E-01 9.65E-01 9.65E-01 9.65E-01 9.65E-01 9.65E-01 9.65E-01 9.65E-01 9.65E-01 
 NI 60     5.75E+01 5.75E+01 5.75E+01 5.75E+01 5.75E+01 5.75E+01 5.76E+01 5.76E+01 5.76E+01 
 NI 61     2.76E+00 2.76E+00 2.76E+00 2.76E+00 2.76E+00 2.76E+00 2.76E+00 2.76E+00 2.76E+00 
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 NI 62     8.05E+00 8.05E+00 8.05E+00 8.05E+00 8.05E+00 8.05E+00 8.05E+00 8.05E+00 8.05E+00 
 NI 63     1.56E-01 1.56E-01 1.56E-01 1.56E-01 1.56E-01 1.56E-01 1.56E-01 1.55E-01 1.55E-01 
 NI 64     2.15E+00 2.15E+00 2.15E+00 2.15E+00 2.15E+00 2.15E+00 2.15E+00 2.15E+00 2.15E+00 
 NI 65     3.96E-06 5.36E-09 7.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NI 66     2.39E-09 1.76E-09 1.30E-09 1.14E-10 2.57E-13 2.96E-21 1.51E-26 3.67E-33 0.00E+00 
 CU 63     7.98E-01 7.98E-01 7.98E-01 7.98E-01 7.99E-01 7.99E-01 7.99E-01 7.99E-01 8.00E-01 
 CU 64     2.44E-05 6.57E-06 1.77E-06 4.99E-11 2.09E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 CU 65     3.72E-01 3.72E-01 3.72E-01 3.72E-01 3.72E-01 3.72E-01 3.72E-01 3.72E-01 3.72E-01 
 CU 66     3.68E-08 2.75E-12 2.03E-12 1.77E-13 4.01E-16 4.62E-24 2.36E-29 5.73E-36 0.00E+00 
 CU 67     1.40E-10 1.07E-10 8.17E-11 9.50E-12 4.39E-14 4.31E-21 9.19E-26 1.33E-31 0.00E+00 
 ZN 64     2.14E-03 2.14E-03 2.14E-03 2.14E-03 2.14E-03 2.14E-03 2.14E-03 2.14E-03 2.14E-03 
 ZN 65     1.23E-06 1.23E-06 1.22E-06 1.19E-06 1.13E-06 9.51E-07 8.49E-07 7.36E-07 4.42E-07 
 ZN 66     1.29E-03 1.29E-03 1.29E-03 1.29E-03 1.29E-03 1.29E-03 1.29E-03 1.29E-03 1.29E-03 
 ZN 67     8.48E-07 8.48E-07 8.48E-07 8.48E-07 8.48E-07 8.48E-07 8.48E-07 8.48E-07 8.48E-07 
 ZN 68     4.42E-09 4.42E-09 4.42E-09 4.42E-09 4.42E-09 4.42E-09 4.42E-09 4.42E-09 4.42E-09 
 ZN 69     3.49E-15 7.51E-17 2.24E-17 1.42E-21 4.47E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZN 69M    3.40E-15 1.01E-15 3.03E-16 1.91E-20 6.03E-31 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 GA 69     2.76E-12 2.76E-12 2.76E-12 2.76E-12 2.76E-12 2.76E-12 2.76E-12 2.76E-12 2.76E-12 
 GE 70     4.26E-15 4.27E-15 4.27E-15 4.27E-15 4.27E-15 4.27E-15 4.27E-15 4.27E-15 4.27E-15 
 SR 87     6.89E-15 6.89E-15 6.89E-15 6.89E-15 6.89E-15 6.89E-15 6.89E-15 6.89E-15 6.89E-15 
 SR 88     8.81E-12 8.81E-12 8.81E-12 8.81E-12 8.81E-12 8.81E-12 8.81E-12 8.81E-12 8.81E-12 
 SR 89     4.61E-12 4.55E-12 4.49E-12 4.02E-12 3.06E-12 1.34E-12 7.75E-13 3.90E-13 3.30E-14 
 SR 90     1.20E-12 1.20E-12 1.20E-12 1.20E-12 1.20E-12 1.20E-12 1.19E-12 1.19E-12 1.18E-12 
 SR 91     1.12E-15 1.94E-16 3.37E-17 2.78E-23 1.72E-38 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 89     1.94E-07 1.95E-07 1.96E-07 1.98E-07 1.99E-07 1.99E-07 1.99E-07 1.99E-07 1.99E-07 
  Y 89M    2.96E-13 2.39E-13 1.94E-13 3.55E-14 5.10E-16 1.52E-21 3.15E-25 7.81E-30 0.00E+00 



TEM-10200-1, Rev. 11 
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS ECAR- 4951, Rev. 1 

Page 89 of 104 
BSU-8242 3 DPA As-Run Physics Analysis 

 

 

ACTIVATION PRODUCTS (grams) 
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  Y 90     1.95E-08 1.50E-08 1.16E-08 1.45E-09 8.00E-12 3.01E-16 2.99E-16 2.98E-16 2.95E-16 
  Y 90M    2.96E-16 1.39E-18 6.47E-21 1.47E-39 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 91     3.86E-11 3.82E-11 3.77E-11 3.43E-11 2.71E-11 1.33E-11 8.28E-12 4.58E-12 5.43E-13 
  Y 92     5.36E-14 4.87E-16 4.43E-18 2.06E-34 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  Y 94     2.76E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 ZR 89     5.21E-09 4.21E-09 3.41E-09 6.25E-10 8.99E-12 2.68E-17 5.54E-21 1.38E-25 3.62E-42 
 ZR 90     8.96E-07 9.00E-07 9.04E-07 9.14E-07 9.15E-07 9.15E-07 9.15E-07 9.15E-07 9.15E-07 
 ZR 91     2.71E-06 2.71E-06 2.71E-06 2.71E-06 2.71E-06 2.71E-06 2.71E-06 2.71E-06 2.71E-06 
 ZR 92     6.31E-05 6.33E-05 6.35E-05 6.48E-05 6.60E-05 6.64E-05 6.64E-05 6.64E-05 6.64E-05 
 ZR 93     1.12E-05 1.12E-05 1.12E-05 1.12E-05 1.12E-05 1.12E-05 1.12E-05 1.12E-05 1.12E-05 
 ZR 94     5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 
 ZR 95     2.52E-07 2.49E-07 2.46E-07 2.26E-07 1.82E-07 9.49E-08 6.15E-08 3.58E-08 5.09E-09 
 ZR 96     4.73E-10 4.73E-10 4.73E-10 4.73E-10 4.73E-10 4.73E-10 4.73E-10 4.73E-10 4.73E-10 
 ZR 97     9.66E-11 3.61E-11 1.35E-11 5.13E-15 1.45E-23 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 92     3.28E-06 3.07E-06 2.87E-06 1.66E-06 4.24E-07 7.08E-09 4.62E-10 1.53E-11 7.08E-17 
 NB 93     3.47E+00 3.47E+00 3.47E+00 3.47E+00 3.47E+00 3.47E+00 3.47E+00 3.47E+00 3.47E+00 
 NB 93M    2.24E-12 2.26E-12 2.27E-12 2.37E-12 2.63E-12 3.39E-12 3.90E-12 4.52E-12 6.75E-12 
 NB 94     2.05E-02 2.05E-02 2.05E-02 2.05E-02 2.05E-02 2.05E-02 2.05E-02 2.05E-02 2.05E-02 
 NB 95     2.42E-04 2.38E-04 2.33E-04 1.99E-04 1.34E-04 4.12E-05 1.87E-05 7.00E-06 2.06E-07 
 NB 95M    1.01E-10 1.01E-10 1.00E-10 9.38E-11 7.60E-11 3.97E-11 2.58E-11 1.50E-11 2.13E-12 
 NB 96     3.59E-08 1.76E-08 8.62E-09 2.88E-11 1.87E-17 5.10E-36 0.00E+00 0.00E+00 0.00E+00 
 NB 97     2.44E-10 2.58E-12 9.64E-13 3.93E-16 1.11E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 97M    9.02E-14 3.37E-14 1.26E-14 4.79E-18 1.35E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB 98     2.38E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 NB100     1.03E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 92     1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 1.47E+00 
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ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 MO 93M    2.75E-08 2.42E-09 2.14E-10 7.79E-19 6.28E-40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MO 93     3.70E-04 3.70E-04 3.70E-04 3.70E-04 3.70E-04 3.70E-04 3.70E-04 3.70E-04 3.70E-04 
 MO 94     9.46E-01 9.46E-01 9.46E-01 9.46E-01 9.46E-01 9.46E-01 9.46E-01 9.46E-01 9.46E-01 
 MO 95     1.54E+00 1.54E+00 1.54E+00 1.54E+00 1.54E+00 1.54E+00 1.54E+00 1.54E+00 1.54E+00 
 MO 96     1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 1.82E+00 
 MO 97     1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 1.02E+00 
 MO 98     2.56E+00 2.56E+00 2.56E+00 2.56E+00 2.56E+00 2.56E+00 2.56E+00 2.56E+00 2.56E+00 
 MO 99     1.97E-04 1.53E-04 1.19E-04 1.59E-05 1.03E-07 2.77E-14 1.16E-18 3.90E-24 1.39E-43 
 MO100     1.04E+00 1.04E+00 1.04E+00 1.04E+00 1.04E+00 1.04E+00 1.04E+00 1.04E+00 1.04E+00 
 MO101     1.85E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC 99     1.02E-03 1.03E-03 1.03E-03 1.04E-03 1.05E-03 1.05E-03 1.05E-03 1.05E-03 1.05E-03 
 TC100     2.02E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TC101     1.79E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RU 99     1.60E-09 1.61E-09 1.62E-09 1.69E-09 1.88E-09 2.44E-09 2.81E-09 3.28E-09 4.95E-09 
 RU100     7.02E-05 7.02E-05 7.02E-05 7.02E-05 7.02E-05 7.02E-05 7.02E-05 7.02E-05 7.02E-05 
 RU101     2.23E-03 2.23E-03 2.23E-03 2.23E-03 2.23E-03 2.23E-03 2.23E-03 2.23E-03 2.23E-03 
 RU102     4.88E-05 4.88E-05 4.88E-05 4.88E-05 4.88E-05 4.88E-05 4.88E-05 4.88E-05 4.88E-05 
 RU103     3.13E-08 3.08E-08 3.02E-08 2.62E-08 1.84E-08 6.40E-09 3.16E-09 1.31E-09 5.46E-11 
 RU104     3.11E-10 3.11E-10 3.11E-10 3.11E-10 3.11E-10 3.11E-10 3.11E-10 3.11E-10 3.11E-10 
 RU105     1.78E-15 4.20E-17 9.89E-19 9.43E-32 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH103     2.73E-09 2.78E-09 2.84E-09 3.23E-09 4.01E-09 5.21E-09 5.53E-09 5.71E-09 5.84E-09 
 RH104     6.26E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH104M    2.79E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RH105     1.13E-14 8.27E-15 5.20E-15 1.21E-16 9.89E-21 5.45E-33 3.66E-41 0.00E+00 0.00E+00 
 RH106M    6.04E-17 3.14E-20 1.63E-23 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 PD104     4.11E-10 4.11E-10 4.11E-10 4.11E-10 4.11E-10 4.11E-10 4.11E-10 4.11E-10 4.11E-10 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 PD105     9.65E-13 9.69E-13 9.73E-13 9.78E-13 9.78E-13 9.78E-13 9.78E-13 9.78E-13 9.78E-13 
 PD106     5.90E-14 5.91E-14 5.91E-14 5.91E-14 5.91E-14 5.91E-14 5.91E-14 5.91E-14 5.91E-14 
 PD107     4.10E-17 4.10E-17 4.10E-17 4.10E-17 4.10E-17 4.10E-17 4.10E-17 4.10E-17 4.10E-17 
 TA180     1.83E-04 1.83E-04 1.83E-04 1.83E-04 1.83E-04 1.83E-04 1.83E-04 1.83E-04 1.83E-04 
 TA181     3.28E+00 3.28E+00 3.28E+00 3.28E+00 3.28E+00 3.28E+00 3.28E+00 3.28E+00 3.28E+00 
 TA182     8.47E-02 8.42E-02 8.37E-02 7.97E-02 7.07E-02 4.92E-02 3.87E-02 2.86E-02 9.67E-03 
 TA182M    4.16E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 TA183     3.56E-02 3.10E-02 2.71E-02 9.13E-03 6.03E-04 1.73E-07 7.55E-10 8.41E-13 2.00E-23 
  W180     1.59E-17 1.59E-17 1.59E-17 1.61E-17 1.65E-17 1.78E-17 1.87E-17 1.98E-17 2.37E-17 
  W182     1.54E-01 1.54E-01 1.55E-01 1.59E-01 1.68E-01 1.89E-01 2.00E-01 2.10E-01 2.29E-01 
  W183M    4.98E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W183     8.37E-01 8.42E-01 8.46E-01 8.64E-01 8.72E-01 8.73E-01 8.73E-01 8.73E-01 8.73E-01 
  W184     5.53E-02 5.53E-02 5.53E-02 5.53E-02 5.53E-02 5.53E-02 5.53E-02 5.53E-02 5.53E-02 
  W185     8.42E-05 8.34E-05 8.26E-05 7.67E-05 6.38E-05 3.67E-05 2.54E-05 1.60E-05 3.03E-06 
  W185M    4.07E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
  W186     3.91E-07 4.00E-07 4.08E-07 4.36E-07 4.44E-07 4.44E-07 4.44E-07 4.44E-07 4.44E-07 
  W187     6.99E-10 3.48E-10 1.74E-10 6.63E-13 5.96E-19 4.35E-37 0.00E+00 0.00E+00 0.00E+00 
  W188     1.10E-10 1.09E-10 1.08E-10 9.95E-11 8.15E-11 4.47E-11 3.00E-11 1.82E-11 3.02E-12 
 RE185     3.53E-05 3.61E-05 3.68E-05 4.27E-05 5.57E-05 8.28E-05 9.41E-05 1.04E-04 1.16E-04 
 RE186     8.16E-07 6.79E-07 5.65E-07 1.30E-07 3.31E-09 5.47E-14 3.54E-17 3.67E-21 1.65E-35 
 RE187     1.66E-08 1.69E-08 1.71E-08 1.73E-08 1.73E-08 1.73E-08 1.73E-08 1.73E-08 1.73E-08 
 RE188     1.96E-11 8.16E-12 3.75E-12 1.03E-12 8.39E-13 4.61E-13 3.09E-13 1.88E-13 3.11E-14 
 RE188M    3.31E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 RE189     4.28E-16 2.16E-16 1.09E-16 4.56E-19 5.16E-25 7.95E-43 0.00E+00 0.00E+00 0.00E+00 
 OS186     5.88E-06 6.01E-06 6.12E-06 6.52E-06 6.64E-06 6.64E-06 6.64E-06 6.64E-06 6.64E-06 
 OS188     5.50E-10 5.63E-10 5.69E-10 5.80E-10 5.98E-10 6.35E-10 6.50E-10 6.62E-10 6.77E-10 
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ACTIVATION PRODUCTS (grams) 
ISOTOPE EOC 1 Day 2 Days 10 Days 30 Days 90 Days 130 Days 180 Days 360 Days 
 OS189     3.98E-12 3.98E-12 3.98E-12 3.98E-12 3.98E-12 3.98E-12 3.98E-12 3.98E-12 3.98E-12 
 OS190     1.43E-13 1.43E-13 1.43E-13 1.43E-13 1.43E-13 1.43E-13 1.43E-13 1.43E-13 1.43E-13 
 OS191     2.16E-16 2.14E-16 2.07E-16 1.45E-16 5.90E-17 3.97E-18 6.56E-19 6.92E-20 2.10E-23 
 OS191M    1.13E-17 3.13E-18 8.71E-19 3.12E-23 2.39E-34 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 IR191     1.42E-16 1.52E-16 1.61E-16 2.24E-16 3.10E-16 3.65E-16 3.69E-16 3.69E-16 3.69E-16 
 IR192     2.51E-17 2.49E-17 2.46E-17 2.29E-17 1.90E-17 1.08E-17 7.43E-18 4.65E-18 8.62E-19 
 PT192     3.50E-18 3.73E-18 3.95E-18 5.64E-18 9.36E-18 1.71E-17 2.03E-17 2.30E-17 2.66E-17 
 SUMTOT    8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 
0TOTAL     8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 8.67E+02 
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10. ATTACHMENT A 
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11. ATTACHMENT B 
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12. ATTACHMENT C 

 

 
 

BSU-8242 Assembly/Capsule Pairing Issue & Timeline 
Issue: On 27 May 2020, Advanced Test Reactor (ATR) Canal Operators discovered that two Boise State 
University experiment (BSU-8242) capsules were welded to the wrong assemblies. The assemblies have 
a long upper tube welded to the top of the capsule. Both the upper tube and the experiment capsule are 
marked with IDs. The ID on the upper tube is used for identification during reactor loading and canal 
handling. In preparation to ship the experiments, the upper tubes were cut off and the ID on the capsules 
was checked. At this point, it was discovered that nearly identical capsules from two BSU-8242 
assemblies had been interchanged, resulting in a capsule swap between adjacent ATR experiment 
positions A7 and A8. 

Date (Time) Event Description 
April 2018 Final assembly/welding of BSU-8242 occurred. 8242-D had a machining 

issue with the “D” which resulted in the “D” being re-machined. 
4/30/18 Prior to welding, engineer G. Housley signs off that assembly components 

looked correctly arranged, however, at that point the pieces were not 
assembled (Step 180 in work package). Welding occurred after the engineer 
left. 

5/1/18 Green tag(s) is(are) issued for BSU-8242 assemblies. 
5/20/20 S. Evans requests confirmation of capsule and assembly IDs during cutting 

to ensure the correct identifiers are used for shipping (top portion of the 
experiment assembly is cut off prior to shipping). 

5/27/20 (pm) G. Schuldt, M. Hill and ATR Canal Ops discover markings do not match 
between assembly and capsule IDs for BSU assemblies 8242-D and 8242-
E. They proceed with cutting based on assembly identifiers and use video 
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Timeline: 
 

  

recording to ensure capsule and assembly identifiers were captured prior to 
cutting. 

5/27/20 (~3pm) G. Schuldt calls S. Evans to report discrepancies. 
5/27/20 (4:30 
pm) 

S. Evans sends email to K. Lombard, T. Skeen, R. Marlow, M. Hill, K. 
Anderson, and G. Schuldt reporting discrepancy between drawings and 
verbal report of as-found capsule and assembly pairing. 

5/28/20 (am) Upon receipt of the cutting video, T. Skeen and S. Evans independently 
confirm capsule and assembly IDs do not match drawings. 

5/28/20 (noon) S. Evans sends an email to K. Lombard and T. Skeen with photos from 
video documenting swap of the capsules attached to assemblies 8242-D and 
8242-E. Notification to ATR Operations management follows. 

5/28/20  G. Schuldt (ATR Ops) notifies J. Duplessis (DOE)of the issue. 


